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Special Study in the Use 


of Cold Vaccine 


J. CHARLES DICKSON, M.D.; J. P. ABBOTT, M.D., and ROBERT DAVIS, M.D., Houston, Texas 


Introduction 
antibiotics to 
little attention 


Since the introduction of 
the medical armamentarium 
has been given to the value of bacterial 
vaccines for the prevention treatment 
of the common cold. The use of antibiotics 
has greatly reduced the serious complica 


We 


as such as 


Hons of upper respiratory infections. 
see very few serious complica’ 
mastoiditis, meningitis, extensive sinus in 
fections, ete. However, it is our feeling that 


there has been a definite increase in- the 


frequency of upper respiratory infections. 
A patient develops an acute cold, with sex 
invaders producing the 


ondary bacterial 


disagreeable that go with an 
cold 


antibiotic or sulfonamide therapy. The pa 


symptonis 
acute He or she is given intensive 
hent recovers from this upper respiratory 
infection only to develop another within one 
to three weeks. This is repeated over and 
over again until the patient seems to have a 
continuous upper respiratory) problem. [1 
is our feeling that the use of antibiotics 
and sulfonamide prevents the patient from 
developing active immunity. Tf some means 
could be found stimulate immunity or 
antibody production at the same time the 
patient is being relieved of his disagreeable 
cold or serious complications by the anti 
hnotics and -ulfonamides we would be sery 
ing our patients much better than we are at 
the present time, 
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Bay lor University Colleve ol Medi 


From the 
and the Methodist Hospital 


This study was started with the above 
fact in mind. The study was to evaluate 
the ability of a locally prepared pooled bac 
terial vaccine to stimulate the production of 
nonspecific antibodies, thereby preventing 
the development of colds and bacterial 
sequelae. Careful controls and selection of 
patients were maintained as well as possible 
throughout the study. During this study a 
chance to evaluate any change in the protein 
production pattern of the patients was 
afforded, This latter portion of the investi 
gation was done through the facilities of 
the paper electrophoresis technique A re 
port will be made later on this phase ot 


the investigation 


Materials and Methods 


The pool vaceme used in this experimental sur 
vey was composed of organisms which were ise 
lated 


chron 


from patients complaining of acute and 


nasopharyngitis, tonsillitis, sinusitis, and 


outis media. These organisms were isolated in the 
usual manner by using blood agar, braim-heart in 
fusion broth, and fluid thioglycollate medium, ane 
in the latter part of the isolation a special stapliylo 
After 


ganisms were grown in pure culture, harvested, and 


cocecal medium was used isolation these or 


suspended in saline. Before this vaccine was used 


in this study the following numbers of various 


strains of organisms were included in the pool 


which these injections were 


albus, 20 


trains of 


stock vaceme from 


given: 410 strains of Staphylococcus 


strains of Staphylococcus aureus, 7 


Micrococcus tetragenus, 31 strains of Streptococcus 


pyogenes, 63 strains of Streptococcus viridans, 9 


strains of Diplococeus pneumoniae, 50 strains of 


Neisseria pharyngitis, 5 strains of Proteus vul 


garis, & strains of Klebsiella pneumoniae, 17 strains 


te 
4 

i 


ol orynebactersum hofmanni, 7 ot 


of Pseudomonas aeruginosa 


this 


strains 


Hemophilus species strains of gamma strepto 


coca, and 2 

were 
vith | 
dardized 


final 


trains 


preparation of vaccine the organisms 


ashed repeatedly in sterile saline, were killed 
10,000 thimerosal ( Merthiolate), 
tandardization was based upon Kjeldahl 


and ac robi 


and stan 


the 


vrossly nephelometer method : and 
the 
of total 

checked 
technique 


hy 
thie 


method nitrogen 


by 


meubation and for toxicity 


protem vaccines 


for sterility anaerobu 


tor 96 hou 
moculation of 1 


my 


inferperitoneally ot 


nitrogen concentration \ concen 


trated pool of these organisms equal 


portions was then prepared, and this concentrate 


Vil tored the Deepfreeze at KO degre 


tha tock concentrate all for thi 


trl 

pared a code 

blue card 


hown 


were prepare d 


the beginning of this study one of pre 


which consisted of white, yellow, and 


with the information printed on then 


cone 


in the Pigure patient receiving this 


and a card 


patient ‘ 


wa wiven a number 


re 
this 


in 
knowledge the 


the 


rotation Was Ho ones 


fering vaccine of is fo 


card designated what 


hie 
und 
lie 
thre 


what color concentration ot 


ACC white card were used for control 


this bottle contamed only isotomsye 


alin yellow cards were used for those re 


contamed 
blue 


a vaccine which contamed 0.0002 


cilute which 
OOOO 2 


m pre 


yer vaccine, 


mg. of mitrogen per milliliter, The 


ented 
ol mulliliter 


mtrogen pet 


Iwo different concentrations of each of the vac 


than the climneal 
100 times the 


thurs 


cines and control 


tall 


were viven to 


for myection second bottle of each 


contamed 


\ hal l, 


nitrovyen concentra 


of giving the vellow. bottle 


the 
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concentration of 0.0002 mg 
and the blue bottle 0.02 me 


of protem per 


liter of mitroget 


Selection of Patients and 
Methods of Injections 


used on members ot 

the Methodist Hospital 
Children 
Baylor University College of Medicine 


the 


lus vaceme was 


four iistitutions, 
Hospital, and 
Voluntec 1 


and 


Texas 


Hospital, 


were solicited from employees student 


All tl 
and ol 


The card color 


the four imstitutions volunteeri 


were given code numbers one the thr 
colored cards im rotation 


which bottle of vaccine trol the 


The 


nated 


or col 


would he receiving 
by the 
the Mivestigators, 


Mare hi 


of 


myections were vive 


subcutaneously staff under super 


vision of starting in October ar 
finishing 


volunteered 


the the stud 
arefull 


he 


for the myections was 


as to numbers of colds he had 


upper 


thoned 
eNSitivit te 


This 1 


THahent 


ear and known allergies, 


chron respiratory diseases vaterial 


was recorded on his ecard the 


\t 
patients each had 10 cc 


as part of 


record the time of the first injection these 


of whole | drawn 


determination of total protem and 


proten 
patterns 


Phere 


Wats 


were 425 patients when this vaccine 


Of the 


er of 


hegun beginning number, 
numl 


should lave 


were considered to have had a sutticient 


injections to be of value in this survey Wit 


felt by the investigators that a person 


id a omimimum of five injections to be 


this study 
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. an 
| pine 
wast 
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USE OF COLD VACCINI 


long the follow Wi 


For the 


Injections were carried out a 


schedule, with certain exceptions first 


injection, 0.1 ce. of the vaccine being used was 


that, at five 
dose ot 0.1 


deve loped 


injected subcutaneously. Following 


to seven-day intervals, an iecreasing 


cc. was administered until the patient 


evidence of generalized or localized reaction. It 


either of these developed, the vaccine was lett at 


the previous week's dosage or was dropped bact 
0.1 or O.2 ce 

eacl 
fully 


had pro luced any 


visit by the volunteers, they were care 


questioned as to whether the last imyection 


local zed oy generalized 
ence to generalized mus 


chills 


and as to whether 


toms, v particular re 


cle ache d pain, joint pain, skin tendernes 


chilly 


the arn 


seTisation, headache Ss, et 


hecame excessively sore following the in 


jection. the patient had developed an upper 


respiratory infection since the last injection, thi 


next injection Was not given but a record was made 


on his ecard of this development. Following — re 


covery from the upper respiratory infection the 


aceme dosage at the sane level 


When 


reached in each of the 


patient began 


at which it was discontinued volume ot 


] 


the second concentration 


heen patients 
was then 
weel 


ec. and progressing upward by O.1 ce. each 


At the end of 


survey were questioned as to the mun 


the study all patients completing 
the vaccine 


her of colds they had developed during the period 


of the trial: how the vaccine affected them, and 


if there were any untoward or unwanted sice 


reactions 


At the end of this survey it was felt that there 


was a sufhicent number of patients who had com 


pleted the course to give some evidence as to the 


helpfulness of this vaccine in preventing of mod 


fying upper infections and the 


cold 


espirarory 


Protein Electrophoresis 


Ten culn e meters of blood was drawn tr 


each prior to lis first vaceme imyectior 


This 
possible, and the serum quickly frozen 
At a later 


electrophoresis carried out 


patient 


was allowed to clot, separated as quickl 


tune the serum was thawed and pape: 


Protein separation wa 
carried out on the Spinco Model Ro paper electro 
phoresis system. In the separation 0.008 ml. ot 
serum was used, and this was run through a bultes 
which contained diethylbarbituric acid and sodiun 
This buffer has 


was run at 5 ma. for 16 


diethyl barbiturate a pH of &6 


and the system hour 


Following drving in the oven the strips were 


stained by the bromophenol blue method and = rus 
through the analytrol, after which caleulatious tor 
per cent and total amount. ot albumin, and alpha 
alphae, beta, and gamma globulins were made. The 
were run b 


total proteins on each of these sera 


Dickson et al. 


the biuret method, and the percentages ot the other 


Iractions are based Upon this ibsolute value of 
total protein 
At the 


pections, each patient had blood drawt 


termination of the series of Vaccine 


whicl 


trophoresis 


submitted for protem elec 


results of these before-and-after stuches 


tabulated and reported at a later date 


Results 


Phe results of this study have been care 
Table 1. Of the total 


number of patients begining 


fully tabulated in 


these 


tions, only 246 completed a suthicrent num 


ber of injections to quality for evaluation 
Phere 


in this study were S4 patients re 


ceiving — the vaccine, 76 patients 


receiving the more concentrated vaceime, 


were patient which received 


Pher 


with the 


ind there 
13.2 in 


the saline imyections Were 


cast clilute aceme, 


pel 
13.1 


per Case al concentrated 


12.1 injections per case of the 


and 


saline control There was no reaction im 


60.76¢ of the patients who recerved dilute 


vaceine, in 71 of the patients who received 


concentrated yvaceme, and in 60.367 of the 


patients who reeeimved the saline control 


here were no upper respiratory infections 


do wed 


Injections 


| Pata on 


of cuse 
AV. no, inject, per case 
Cuses with no reaction 
Number 
Ver cent 
Cases with no URI 
Number 
Ver cent 
colds tn all cause 
Potal Ne 
Cold 
(Cases with reaction 
Number 
Per cent 
Cases with URI 
Number 


per cus 


Per cent 
“ane 
Number 
Ver cent 
information 
Number 
ler cent 


‘ ‘ ‘ 
| 
| 

: 
: 
was 
— he 

4 

| 

ype of Vaceine 

i tab, 
| 
$4 
0.4 Win 414 
| 
| 
Result 
Better 

Sumber 
Worse 

2 2.7 

| 

| 

ig 


in 39.36 of the who received 
dilute 
ceived — the 
11.90 of those 
trol. There were 1.6 colds per case of the 
the dilute 


those 


patients 
of 


Vaccine, 


Vaccine, Mm those who re 


concentrated and in 


who received the saline con 


patients who reeeived vaccine, 


2.2 colds per Case of who received 


the concentrated vaccine, and 2.1 colds per 
those who received the saline con 


here 


reaction in 


CAST of 
local or 


some form of 
39.9% of the 


29% of the 


trol. Was 
general 
vaccine patients, in concen 
trated-yaecine patients, and 30.76 of 
the saline (control) patients. Of those who 


developed upper respiratory infections, 


dilute 


there were im the group which re 


ceived the vaccine, 59.207 the 
group which received the concentrated vac 
cine, and 58.1 in the group which received 
the saline control 

the 
17.0% 


better than in previous years, 10.7 stated 


patients receiving the dilute vac 


cine, commented that) they were 
they were worse than in previous years, and 
23.8 stated they could see no change in 
the status of their upper respiratory infes 
to the Of the patients 
46.1 


stated that they were better than in previous 


tions due vaceine, 


receiving the concentrated vaccine, 


years, TL8&Ce stated they were worse than 


m previous years, and 25 said there was 


no change. Of the saline Ccontrol) patients, 
44.267 stated that they were better than in 
15.1¢¢ stated 


worse than in previous years, 


previous years, they were 


and 26.76 


stated there was no change 


Comment 


that this vaccine 


standard 


Phe above results show 


either im dilute or strength did 
not give any more protection than the saline 
placebo 

An exhaustive review of the literature 
was covered for the last 16 years concerning 
This re 


the use of bacterial cold vaccine 


View was very revealing and interesting 
In the review all agreed that the virus was 
the primary cause of upper respiratory in 


fections but that the disagreeable symptoms 


4 
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and complications were caused by bacteria 
( Dwyer,'? Andrewes,? Cecil,° Walsh In 
reviewing the articles it was found that the 
various authors almost split 50-50 in their 


opinions on the value of the vaccine. The 


following authors felt that it was of value 
Goldstein,'* Kinghorn,’*® Kolmer,“"*! Solis 
Cohen,® Baird,* Wilkins,** Cheney,” Sang 
ster,“ Malone,** and Adams.! The following 
investigators felt the vaccine was of little 
or no value: Diehl!’ Ojala and Korte 
MeGee”* 


Smith,** Baetjer,®? Rammelkamp,** Layton,** 


kangas,?”) Wilson," Hunnicutt,'® 
Hussey,!? Gray,'® Bethea,’ and 
Proetz.2" A status report” also stated that 
the vaccine was of little value 

In another series, of 69° selected patients 
who were given a stock autogenous vaccine 
prepared very similarly to the above, better 
Table 2 summarizes 
The 
vaccine Was prepared for the following rea 
(33 (12 
cases), ear infections (19 cases), and other 
(18 The 
given for an average of 8.9 months. 
or 13%, 
or 24.66, had slight improvement. Ther 


results were obtained. 
the findings in this series of cases. 
sons: colds cases), sore. throats 
Was 
Nine, 


Seventeen, 


infections CASES ). vaccine 


had no improvement, 


was moderate improvement in 25, or 36.307 
There was marked improvement in 18, or 
26.1. 

The from 
cold the 
lected use of the vaceine thus differed con 


the use of the 


results 


results mass 


vaccine and from the se 


siderably. It is our feeling that in’ selected 


Results of Use of Stock Autogenous 
Strty-Nine Selected Cases 


2 
l’accine in 


No. of cases 
Reasons prepared 
Colds 
Sore throats 
Kar infections 
Other infections 
Average length of time given (months 
No improvement 
Number 
Per cent 
Kesults 
Slight improvement 
Number 
Per cent 
Moderate improvement 
Number 
Per cent 
Marked improvement 
Number 
Per cent 
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cases where more careful supervision” ts 


possible the results are much better. This 


may also explain the wide divergence ot 
opinion on the value of the vaccine among 
the various authors. 

Another fact 
people the vaccine could not be given in 


noted was that in) some 


even a dilute dose. It was necessary to 
reduce the dosage to 1:10,000 dilution to 
keep from getting reactions. These were the 


cases who on receiving the standard o1 
dilute dose in the mass inoculation stopped 
because they stated they had a severe cold 


every time they took a vaccine injection 


Summary 
le | 


organisis 


Our study of the mass use of a 


vaccine made from bacterial 


grown from upper respiratory tracts of 


people in the Houston area showed litth 
difference whether a weak vaccine, a strong 
vaccine, or a saline placebo was used. “Two 
hundred forty-six cases were studied in this 
SUTIES, 

Another study, unpublished, used a stock 


autogenous vaccine made from selected 


cases and when given under careful obser 
vation she. ed improvement, with less upper 
respiratery infections and fewer colds. 

A few cases were definitely made worse 


leach 


had an injection they developed) symptoms 


when taking the vaccine. time they 
of an acute cold, 


We feel the 


not practical. 


mass use of the vaceine ts 
Its value in selected cases ts 
yet to be proved, but there is a possibility 
it is effective where given under a_ better 
control tian ts possible where mass inocula 
tions are ried out 
Furth): study of protem electrophoreti 


pattern iV give a clue to cases where the 
vaceme could be successfully used 


903 Hermann Professionsl Building. 
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The Ear in Severe Malformations of the Head 


A Discussion of the Formal and Causal Genetic Factors Involved 


FRANZ ALTMANN, M.D., New York 


I his paper is the last of a series of eight 
dealing with malformations of the various 
parts of the ear. It is its purpose to review 


the car changes in anencephaly and oto 
cephaly, both severe malformations of the 
head in nonviable fetuses. An attempt will 
be made to analyze them according to the 
state of our 


present knowledge of the 


mechanics of head, and particularly ear, 
development, linally, a short review of the 
Car ¢ hanges certain other double monsters 


will In 


Anencephaly 


\nencephaly (exencephaly, acrany) Is a 
common malformation in man as well as in 
defective 
vault of the skull 
Ostertag ) 


animals. It 1s charaeterized by 


development of ihe and 
the brain (for details see 
cording to the degree of the osseous changes 
the cases are divided into two groups: (1) 
holoacrany, with extensive defeet of the 
vault and absence of the posterior part of 
the oceipital foramen, sometimes with even 
more extensive defects of the spine (eranio 


rhachischisis), and (2) meroacrany, with 


the defect confined to the area adjacent to 
the sagittal suture and with the occipital 
foramen present (cranioschisis). The brain 
is either completely absent or represented 


by a fungous vascular mass, the so-called 


area cerebre vasculosa In 


publication Dex 14, 1956 
Hotet ‘ 


birthda 


lor 
(sustay 
70th 
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Nustria, honor of his 
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From the 
Columbia University, 


Surgeon the Presbytenan 


the defect in the cranial vault is less exten 
sive; rhombencephalon and mesencephalon 
are present, and the remnants of the pros 
encephalon protrude through the opening 
in the vault of the skull (pseudeneephaly, 
Phe 


pituitary gland is frequently impaired, and 


hemucephaly development of the 
this probably accounts for changes in other 


endocrine glands, party ularly for the 
marked hypoplasia of the adrenal glands, 
commonly present in these cases 

The bones of the base of the skull show, 
as a rule, deformities of various degrees 


The 


changes occurring in the temporal bones was 


most comprehensive study of — the 


carried out by Agazzi. A review of the re 
ported findings shows a more or less rudi 
mentary development of the squama; the 
petrous pyramid is) shorter, thicker, and 
more solid than normal and Occuples a More 
transversal position, with the apex standing 
higher than the base. The configuration of 
the internal auditory meatus is in most in 
stances abnormal. Its entrance is narrow 
but its fundus very wide; the nerves within 
the meatus are in the majority of cases thin 
and the nerve fibers surrounded by numet 
blood that 
reminiscent of the area 


brain No 


within the 


ous thin-walled vessels, so 


pictures result 
cerebrovasculosa of the such 


vessels are, as al rule, SCCT 
modiolus, in the branches of the vestibular 
or in the facial nerve distal to the 
ganglion. The gan 


glion and, to a slighter extent, the geniculate 


nerves, 
geniculate vestibular 
ganglion are hypoplastic in many instance 
and the ganglionic cells are scattered along 


the course of the nerves. The spiral gan 


glion is often hypoplastic, occasionally com 


pletely absent 


= 
” 
i 
} 
Vecept 
nts from 
tological 
— 
ns and 
4 
< 


Of the three parts of the ear, the inner 
ear shows the most marked changes. Under 
normal conditions the cochlea and the vesti 
bule are situated with one behind the other 
in the direction of the long axis of the 
petrous pyramid, In anencephaly the two 
structures have undergone a rotation and 
have become approximated to each other 
whereby their respective longitudinal axes 
form an outwardly open obtuse angle of 
varying degree. The 
structural 


shows, as a 


than the 


cochlea 


rule, severer changes 


vestibule and the semicircular canals, 


\vazzi divides the cases according to the 


condition of the cochlea into the following 


three groups: 1. The cochlea is normal, 
except perhaps for slight defects in_ the 
axial skeleton of the upper part. 2. The 


number of cochlear turns is reduced to one 
to two and one-quarter turns, and the modi 
olus and the lamina spiralis ossea show a 
thei develop 


proportionate reduction im 


ment. The cochlear duct is not dilated, 3 
Phe reduction in the length of the cochlear 
duct is accompanied by eetasy of the coch 
lear duct, and the findings resemble those 
of the so-called typus Mondini in hereditary 
deafness 


| he 


developed 


organ of Corti is, as a rule, well 
No definite: relationship seems 
to exist between the condition of the nerves 
and the deformation of the cochlea, 

In some instances rudimentary develop 
ment Oo complete absence of one or two 


Buhl and Hu 


Turkewitsch, 


semicircular canals ( Bauer, 


brich, Seligmann, Osawa ) 
has been observed; otherwise, no abnormal 
ties were found in the membranous parts, 
including the nerve endings, except perhaps 
a dilatation of the duetus and saccus endo 
lymphaticus in some instances or a diffuse 
dilatation of the utricle and saccule together, 
marked dilatation of the endo 


with a very 


lymphatic duct and sac ( Nager). 

The oval window might be smaller than 
normal and deformed or even completely 
absent 
window are 


Malformations of the oval 


alwavs associated with deformities of the 
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stapedial footplate. In a case reported by 
Agazzi 10) the 
replaced by a small fissure filled with con 


( Case oval window) was 
nective tissue. The stapedial footplate was 
found in its normal position; it showed 
normal configuration and was connected to 
the outer surface of the bony vestibular 
wall by a thin layer of connective tissue 
Sometimes a partial synostosis was noticed 
between the footplate of the stapes and the 
The round window might 


window frame. 


also be absent or reduced to a narrow 


fissure. In a case reported by [rey the 
round-window membrane was covered on its 
outer surface, toward the round-window 


niche, by a thin bony lamella. 
The changes in the two other parts of the 
ear are less characteristic. The size of the 


absent im 


middle-ear cavity varies; it was 
\lexander’s case and very small ino obser 
vations reported by Seligmann and by 


Turkewitsch. It was, however, larger than 


normal in other instances. A. characteristic 
finding is numerous and irregularly shaped 
bony lamellae protruding from the walls ito 
the lumen, 

Qf the ossicles, the stapes is Often ab 
normal, The footplate is frequently very 
small, the erura elongated and approximated 
Occasionally only one columella-like central 
bony column is noted, or one of the erura 
is absent with the other crus in its regular 
place. Sometimes lesser anomalies, such as 
small bony spicules or fibrous or osseous 
bridges between the crura, are observed 
Complete absence of the Stapes Was seen 


\noma 


are less COMMNOT 


by Alexander and by Turkewitsch., 
lies of the outer ossicles 
Rudimentary development of the ineus and 
marked 


malleus as well as excessive size or 


elongation was found rare instances 
eccasionally the handle of the malleus or 
the long process of the incus is shortened 
and the lenticular process absent 

The Icustachian tube is usually short, duc 
to displacement of the tympanic cavity to 
sometimes the tube 


ward the midline; 


wide, 


A ; 
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anomalous course across the petrous pyta 
mid or within the middle ear. 

The tympanic bone is displaced toward 
the midline, and the drum membrane occu 
pies a more or less vertical position; its 
horizontal diameter approaches the frontal 
place (I-ggert). 

The external auditory meatus is usually 
but 
( Zingerle, 


instances 
The 


arious degrees of deformi 


normal, was atretic in rare 


Seligmann, Alexander). 
auricle shows 
ties. If the external canal is atretic, it 1s 
severely deformed or even absent ( Alex 
ander ). 

Before discussing the significance of these 
findings, the results of the examination of 
the ear in three anecephalic featuses will 
be reported, 

Case 1.—Female infant, 37 cm. long and weigh 
ing 2610 gm 

History 


3; two 


Mother 23 years old; para 3, gravida 


previous pregnancies uneventful,  lamily 


history Delivery normal; 10 days before 
Child died shortly after birth 
Autopsy Findings 
lefect of the 
posterior portion of the bony occipital 


negative 
expected date 

Holoac rany, with extensive 
scalp, the cranial vault, and the 
foramen 
From the eyebrows to the upper border of the 
atlas, the base of the skull was covered with a 
blood-red, gelatinous membrane 


mids occupied a more transversal 


The petrous pyra 


position than 


usual, with the apices standing higher than the 
bases. The nose was flattened, and the ears were 
pressed downward and forward though fairly 
well formed 


Among the other findings only hypoplasia of the 
adrenals will be mentioned 

Histologu 
(Right 
studied 


Eexammation of the Temporal Bones 


Side) Vertical serial sections were 


External Ear: Membranous canal narrow, os 
seous canal short, but otherwise normal. Drum 
membrane thin, of normal configuration 

Eustachian Tube: Tube short but of normal 


structure 
Middle The 


showed normal measurements, the lumen was well 


kar OSSECOUS Cavity 


tympanic 


developed, wide, and the mucosal lining relatively 


thir Epitympaaum and antrum were well de 


veloped; the periantral cells were already pneu 
crests protruded 
The 


window niche was well developed, and the entrance 


matized, Numerous bony into 


the lumen of the hypotympanum oval 


into the round-window niche was transformed 


Altmann 


The facial nerve may show a slightly 


round-window mem 
Malleus, 
ineus, incudomalleolar and incudostapedial joints, 
The 


thinner 


into a narrow channel; the 


brane itself showed normal configuration 


and styloid process were normal tensor 


muscle considerably than 


The 
elongated and 


tympant was 


normal stapedial crura were somewhat 


approximated ; the footplate was 
irregularly shaped and thickened in its peripheral 


The 


portion of its 


portions annular ligament was recognizable 


only ina anterosuperior circum 
ference; otherwise, the footplate was fused with 
bone or by an im 


(hig 1) 
facial 


the window frame either by 


tervening layer of cartilage 


stapedial muscle was very thin. The nerve 
showed a normal course within the middle ear; at 
cavation of the medial 


lay in a. groove-like ex 


wall and was covered on its outer surface 


The 


tympani 


by the middle-ear mucosa chorda tympani 


showed a normal course 
‘| he 


structure; the 


Inner lear labyrinthine capsule 


OSSCOUS 


showed normal fissula ante fenes 


tram was well developed; the fossula post fenes 
stram was completely ossified 


mately 


internal auditory meatus was of approxi 


normal configuration; its walls were lined 


with a thick layer of dural tissue. The nerve fibers 


within the meatus were thin, surrounded and 


separated from each other by a tissue containing 


numerous wide- thin-walled and well-filled blood 
vessels (Fig. 2). The vestibular ganglion was 
small, infiltrated with blood vessel The facial 
nerve took its normal course to the geniculate 
ganglion; the latter was small but free from blood 
vessels 

( (nH hlea ‘I he Cin hlea had one and one halt 
turns; the bony framework of the modiolus was 


thin; the septum between the upper half of the 


first and the second turn was absent. The cochlear 


Partial 
cartilage 


Fig. 1 (Case 1, right side) 
annular ligament by 


replac 
ment of 


2 
( 
4 

of 
€ 
4 


Mig. 2 (Case 1, right 
near the fundus of the 


d, thick layer of dural 


Nerve 


auditory 


fibers (f) 
meatus ; 


side ) 
internal 
tissue 


and one-half turns and was 


The 


changes, but 


duct described one 


of normal width organ of Corti showed 


marked postmortem was otherwise 
with the stria vascularis it was 
The cells of the 


markedly 


normal, ‘Together 


present throughout the duct 


spiral ganglion were very reduced jn 
number; the nerve fibers going to the organ ot 
Corti were less numerous and thin, The remainder 
of the spiral channel of the modiolus was filled 
with round 
dilated 
vessels normal 


Vestibule The 


branous structures, including the maculae, cristae, 


fine-fibrillar connective tissue 


cells 


The cochlear aqueduct 


with 


and plasma and with some blood 


was 
and Semicireular Canals mem 
were normal 


Temporal Bones 


and endolymphatic duct and. sac, 
Histologic of thi 
(Left Side) Vertical 


studied 


serial sections were 


External Ear and Eustachian Tube: Same as on 
the right side 
Middle Tear 


Was 


trabecula in the hypo 


less 


bony 


prominent, the entrance to 
the round-window niche was wider, and the niche 


filled 


neumatization of 


with loose connective tissue 
the periantral cells had not 
The 
essentially 


The 


footplate showed normal configuration and struc 


itself was 


progressed as far as on the right ossicles 


were normal, 


and the styloid process 


the intratympanic muscles stapedial 


ture; the annular ligament was incompletely ce 


veloped and in numerous places replaced by 
cartilaginous and sometimes even osseous bridges 
between the footplate and the window frame The 
facial nerve was of regular size and followed a 


normal The 
osseous canal was closed with the exception of a 


course throughout the middle ear 


above the oval window 
blood 


in its diameter, branched oft 
the floor ot 


large dehiscence 


A thin 
0.25 


arterial vessel, measuring about 


mm from. the 


internal carotid artery, penetrating 


the tympanic cavity and entering the anterior 


10 


M. A. ARCHIVES OF OTOLARYNGOLOG) 


part of the middle ear. It ran, covered by the 


mucosa, upward and backward over the posterior 


portion of the promontory, then left it and went 


upward between the crura of the stapes into the 
facial canal through the anteriormost portion of 
the dehiscence, a short distance behind the coch 
3) The 
panied the facial nerve to the geniculate ganglion 
mal 


leariform process (Fig vessel accom 


Because of the severe 
skull an 


The course of the chorda 


and then ramified 


formation of the identification of its 
branches was impossible 
tympani was normal 

Inner Ear and Internal Auditory Meatus: Same 


findings as on the right side. The facial nerve did 


not go through the meatus on this side, but ran, 
covered with connective tissue, slightly behind the 
meatus over the upper circumference of the cov hlea 
to the well-developed geniculate ganglion. It then 


entered the middle ear in a canal between the 
lateral surface of the cochlea and the root of the 
tegmen tympani. Its diameter was slightly smaller 
than normal 

The osseous labyrinthine capsule showed no ab 
normalities 

Cochlea: Same findings as on the, right side 

Vestibule and Semicircular Canals: Normal 

Case 2.—Male infant, 47 em. long and weighing 
3120 gm 

Ilistory 


2? Family history negative 


Mother 28 years old; para 1, gravida 
Pregnancy uneventful 
Delivery at term, normal. Child died 12 hours 
after birth 

Autopsy Findings 
of the rudimentary brain tissue through the detect 


flat The 


auricles were set low on the lateral surface of the 


Holoacrany with herniation 


The eyes were prominent and the nose 


face but were well formed; the neck was short 


Fig. 3 (Case 1, left side) 
(st) 


Stapedial artery (a) 


and stapes 


60, 


& 
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Among the other autopsy findings only hypo 


plasta of the adrenals will again be mentioned 
Histologt Temporal 
Bones. —Oblique studied 
Right and left sides showed identical findings 
Meatus: Normal; drum of 


normal size and configuration 


Examination of the 


vertical sections were 


External Auditory 


Eustachian Tube: Short; structure normal 
Middle Kar: The tympanic cavity was of normal 
size; the lumen was narrow and extended from 
the tubar ostium backward along the inner surface 
of the drum just to the pole of the 
latter 


connective tissue 


posterior 
The rest of the cavity was filled with loose 
There were relatively few bony 
crests, protruding only into the hypotympanum and 
The 


itself were normal and so were the mal 


ejatympanum round-window niche and_ the 
window 
incudomalleolar and incudostapedial 
The 
and stapedial muscles were very 
of the 


the stapedial tendon occupied its normal position 


leus, incus, 


tensor tympani 


The head 


configuration, and 


joints, and styloid process 
thin 
normal 


stapes showed 


There was only one crus present, which, accord 
ing to its location, represented the anterior crus 
of the normal stapes. It termin=ted distally in a 
rudimentary footplate (Fig. 4). The oval window 
was reduced to a fissure in the lateral vestibular 
wall, which was filled with cartilage sification 
was in progress in the peripheral portions of this 


vicinity of this 


cartilage rudimentary stapedtal footplate 


lay in the occluding plate. It 


consisted of enchondral bone; its medial surface 


was covered with a thin laver of cartilage and 


was connected to the vestibular wall by = strands 


of dense connective tissue 

The course of the facial nerve was norm . from 
the internal auditory meatus to the well-developed 
from there throughout 


geniculate ganglion and 


the middle ear. No osseous canal had been formed 
The nerve itself was of normal size 
Above the stapes a small vessel branched off the 


artery, which accompanied the facial nerve down 


(J) in 
window ; 


Fig. 4 (Case 2, right side).—Fissure 
labyrinthine wall, representing the oval 


st, rudimentary stapes 


Altmann 


Small blood vessel 


(st) and prom 


Fig (Gy 2, leit side) 
(v) going to rudimentary 


ontory 


Stapes 


ward from the gemeulate ganglion: it went down 


ward to the concavity of the stapedial crus, 


sending a small branch to its) periosteum and 


terminating on the promontory (Fig. 5) 


Internal Ear: The osseous labyrinthine capsule 


was normal; fissula ante and fossula post fenes 
tram were both recognizable 


The 


figuration; the 


internal auditory meatus had normal con 


contained nerves had a more or 


less normal appearance; there were only a few 


thin-walled blood vessels between the fibers. The 
markedly 
mall 


cells of the vestibular ganglion were 


reduced in number and replaced by round 
cells 
Cochlea 


framework of the 


Had two and one-half turns; the bon 


modiolus was thin the 
Ab ence ol 


middle 


Fig. 6 (Case 2, left side) 
hetween upper basal and the 


eptum 


cochlear turn 


is, 

v 

& 

_ 

j 

st 

= 


Mig. 7 (Case 2, left side).—Spiral ganglion; 
upper basal turn 
septum between the upper basal and the middle 
turn absent (Fig. 6). The cochlear duct and its 
contained structures appeared normal except tor 
considerable postmortem changes. ‘The cells of the 


number 
The 


spiral canal and the spiral lamina contained fine 


spiral ganglion were greatly reduced in 


and were small, often difficult to recognize 


fibrillar connective tissue with some thin nerve 
fibers and showed marked infiltration with lym 
pho« ytes and some plasma cells (Fig 7) The 
cochlear aqueduct was well developed 

Vestibule and Semicircular Canals: All the con 
tained structures, including the endolymphatic duct 


nor mal 


and sac, were 

Case 3*—Male infant, 46 em. long and weighing 
3340 em 

History.—Mother 29 years old; para 2, gravida 


2. Rhenegative; father Rh-positive. years 
before her last pregnancy she gave birth to twins, 
hemophiliacs ; 


at 


who, according to the history, are 


mentally defective. Delivery uneventful, 
term. Child died 
Autopsy finding 


shaped defect of the scalp and calvaria 


one 


shortly after delivery 


Holoacrany with oval 


‘I he nose 


was flat and the eyes bulging; auricles normal 
\mong the other findings hypoplasia of the ad 
renals shall again be mentioned 

Histologic Examination of the Temporal Bones 
(Right Side).—Vertical serial sections were 
studied 

External Kar: No abnormalities 

Fustachian Tube: Wide; structure normal 

Middle Ear: Tympanic cavity and antrum of 
normal width. The lumen was confined to the 


lateral portion of the cavity, to the area adjacent 
to the drum, and extended just a short distance 


somewhat wider, as in 


behind the latter; it was 
Case 2. The remaining part of the cavity was 
filled with loose reticular connective tissue, No 


abnormal bony crests were seen in the hypotym 


panum or epitympanum, and the windows showed 
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normal configuration. Malleus, incus, incudomal 
leolar and incudostapedial joints, and styloid prox 
ess were normal; the intratympanic muscles were 
thin. Stapes was well formed, but the footplate 


than normal. The annular ligament 


Fissula ante and fossula post fenes 


was smaller 
was normal 
tram were present. The stapedial tendon occupied 


its normal position, 


The course of the facial nerve from the in 
ternal auditory meatus to the well-developed 
geniculate ganglion and from there through the 
middle ear, as well as the course of the chorda 


tympani, was normal. The facial canal was closed 


in its upper part, but open in a part of its cir 
cumference below the oval window 

A thin artery, measuring about 0.25 mm. in 
diameter, left the internal carotid artery, ran 
upward, penetrating the anteriomedial portion of 
the floor of the middle ear, went to the surface 
of the promontory, and from there, covered by 
the mucosa, traveled upward and slightly back 
ward until it reached the oval-window niche. It 
then left the promontory and went straight up 
ward between the crura of the stapes to the facial 
nerve (Fig. &); then with the nerve it traveled 
to the geniculate ganglion, where it ramified 

Inner Kar: The internat auditory meatus showed 


a slight widening of the fundus but otherwise was 


of normal configuration. The dural layer cover 
ing its surface was markedly thickened and con 
tained numerous wide blood vessels. The facial 
nerve showed normal thickness; the fibers of the 
cochlear and vestibular portions of the eight 
nerve were markedly reduced in number and size 


8 (Case J, side).—Stapedial artery 


(a) and stapes (st) 


right 
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Fig. 9 (Case 3, right side ).—Cochlear 


of eighth nerve 


portion 


They were surrounded and widely separated from 


each other by a tissue containing very numerous 
wide, thin-walled blood vessels which were en 
gorged with blood ( Fig. 9). The blood vessels 


became less numerous in the innermost portion of 
the 


be found within the meatus 


fundus. No trace of Sx arpa’s ganglion could 


The osseous labyrinthine capsule was normal 
Had 


framework of 


one-half 
the axial 


Cochlea only and 


The 
thin; the modiolus short, its upper portion absent 
The 
connective tissue with round cells and some plasma 
cells; 
hed 


one turns 


hony portion was 


spiral canal of the mo djiolus contained loose 


no ganglionic cells could be positively identi 


Occasional, thin nerve fibers found 


The 
the upper basal ‘and the middle turn was mi 
The 


absent in the middle turn 


were 


in the spiral lamina bony septum between 


spiral lamina was present in the basal but 


The cochlear duct had 


one and one-half turns: its width was normal 


The organ of Corti was present in the basal turn 
only aml showed marked postmortem changes 
The stria vascularis was present in the entire duct 
rhe cochlear aqueduct was normal 

Vestibule and Semicircular Canals: All the con 


tained structures, including the endolymphatic duct 


and Sac, 


were normal 
Histologic L:xamination the mporal Bones 
(Left Side) Vertical serial sections were 


studied 


External and Middle Ear 


Same findings as on 


the right side 

nternal kar Within the infernal auditory 
meatus Scarpa’s ganglion was present; small 
ganglionic cells well recognizable. Other findings 
as on the right side 

Cochlea Had on fhe left side also one and 
one-half turns, but the axial bony framework wa 
well formed; the configuranon of the spiral 
lamina was normal. Cochlear duct was of normal 


1/tmann 


width ; Corte and stria vascularis were 


Organ ot 
the duct. The spiral canal on 
filled 


tissue with round and plasma cells 


present throughout 


this side also was with reticular connective 


Only a very 


few ganglonie cells could be identified. Occasional 


thin nerve fibers were seen in the spiral lamina 
The cochlear aqueduct was normal 
Vestibule and Semicireular Canals: Al the eon 


normal 


structures 


tained were 


Summary of the Anatomical Findings 
he base of the skull showed, in all three 
cases, the characteristic configuration usually 
present anencephaly and consequence 
of it the already deseribed changes in the 
position of the various parts of the temporal 
bone, 
The 


meatus were more or less normal in all three 


auricle and the external auditory 


Ca5SeS, 


The middle ear was of normal size and 


configuration in Cases 2 and 3; on the right 
side of Case 1, and to a slighter extent on 


the left 


protruding into the hypotympanum and were 


side, numerous bony crests were 


narrowing the niche of the round window. 


The Eustachian tube, as usual in) anen 
cephaly, was short in all three cases, but 
otherwise normal The middle-ear cavity 


was wide in Case 1 and poorly developed 
in Cases 2 and 3 


Of ossicles, the malleus and 


the 


were normal 


mcus 


in all three cases; the stapes 
was essentially normal in Case 3, except for 
the smaller size of the footplate; in Case 1 
it was of normal configuration on the left 
the 


On both sides the footplate was 


side, slightly abnormal on right side, 
ankylosed 
through the formation of cartilaginous and 
osseous bridges between the plate and the 
window frame, which replaced parts of the 


annular ligament. In Case 2 the oval win 


dow was on both sides reduced to a earti 
laginous fissure in the bony vestibular wall 
the posterior crus of the stapes was absent, 
and the footplate rudimentary and connected 
by short strands of connective tissue to the 
bony vestibular wall. The styloid process 
was normal in all three cases 


The 


plastic in all three cases 


muscles were hypo 


P ~~ ~ : 
= 
— 


The osseous facial canal was well formed 
on the left side and completely absent on 
the right side in Case 1, and it was absent 
In 3 it 


well developed, except for a large dehiscence 


on both sides in Case 2 ase was 
at the typical place above the window. The 
facial nerve itself and the geniculate gan 
glion were slightly hypoplastic in Case 1 
and of normal size in the other two cases 
The course of the nerve was normal. with 
the exception of that on the left side in 
Case 1. Here the nerve did not enter the 
internal auditory meatus, but ran slightly 
behind the meatus over the upper circum 
ference of the cochlea to the geniculate gan 
glion; it then entered the middle ear in a 
the the 


cochlea and the root of the tegmen tympani. 


canal between lateral surface of 
The chorda tympani was normal in all 
three cases 
The artery branching off from the internal 
carotid artery, entering the middle ear, and 
running over the promontory and then be 
the 


facial nerve and geniculate ganglion (which 


tween stapedial crura upward the 


Was present on the left side of Case 1 and 
on both sides of Case 3) represented a typi 
cal persistent stapedial artery 

Phe 


nm 


el observed on both sides 


off the 


small 


Which branched from 


ase 
artery accompanying the facial nerve down 


ward from the geniculate) ganglion and 


which ran downward in the concavity of the 
anterior stapedial crus to the promontory, 
Was not an anomaly but is regularly present 


in the newborn. It represents, most prob 


ably, according to Altmann (1934), a rudi 
ment of the middle part of the main stem 
of the stapedial artery between the stapes 
and the point of origin of the supraorbital 
branch of the stapedial artery 


In the inner ear the configuration of the 


internal auditory meatus was normal in 


Cases | and 2; the fundus was. slightly 


wider than normal in Case 3 


Phe cochlear and the vestibular portion 


of the eighth nerve were of approximately 


normal size in Case 2 and thin in Cases ] 


and 3. In these two cases the nerve fibers 
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were surrounded and widely separated from 
each other by a tissue containing very nu 


merous and wide, thin-walled blood vessels 


reminiscent of the area cerebrovasculosa. In 
Case 2 these changes were much less pro 
nounced, The vestibular ganglion was 


markedly hypoplastic in all instances and 
was completely absent within the internal 
auditory meatus on the right side of Case 3 
The cells of the ganglion were reduced in 
number and size and to a large extent re 
placed by round cells and some plasma cells 
The cochlea had one and one-half turns in 
1 and 3 and two and one-half turns 


in Case 2. 


Cases 


In all the cases, with the exception of the 
left side of Case 3, the axial skeleton showed 
The 


cochlear duct was always of normal width, 


slight defects in its upper portion. 


and the cochlear aqueduct was also normal 
The organ of Corti showed marked post 
but 
It extended in all cases through 


mortem changes, apparently normal 
structure. 
the entire length of the cochlear duct, with 
the exception of the right side in Case 3, 
Where it was present in the basal turn only 
and absent in the remaining upper half turn, 
the 


throughout the one and one-half turns 


whereas stria vascularis was found 

The spiral ganglion showed. a considerable 
reduction in the number of ganglionic cells 
in all cases, with the exception of the right 
side of Case 3, where the ganglionic cells 
were completely absent. The spiral canal 
was filled with fine-fibrillar reticular tissue 
with round and plasma cells; in Case 1 it 
also contained some wide, thin-walled blood 
vessels. The nerve fibers were in all cases 
thin and greatly reduced in number, particu 
larly so in Case 3. 

The vestibular portion of the inner ear 
was free from anomalies in all three cases 

The labyrinthine capsule was of normal 
structure all the 
of the replacement of the oval window by a 


cartilaginous fissure on both sides of Case 2 


in cases, with exception 


Comment.—In order to understand the 


formal, as well as the causal, genesis of 


anencephaly, and of the associated ear mal 
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formations, a short review of the present 
state .f our knowledge of the mechanics of 
the development of the head in general, and 
vt the ear region in particular, seems ap 
propriate. It is mainly based on the results 
of experimental work in Amphibia. 

Two main growth areas can be distin 
The 


‘neephalic, or rostral, area, which comprises 


guished in the head region: 1. pros 
Wie forebrain, midbrain, nose, and eyes, and 
which is underlaid by the anterior part of 
the prechordat plate. 2. The deuterencephalic, 
or caudal, area, which gives rise to rhom 
bencephalon, Jabyrinth, and branchial gut; 
it is underlaid by the posterior part of the 
prechordal plate and chordamesoderm of the 
archenteric roof, 

The central nervous system develops un 
der the stimulus of this or these organizers, 
which induce not only the formation of the 
neural plate but also its subsequent trans 
formation into the neural groove, tube, and 
eventually into the brain. 'n man by the 
seventh somite stage (about the 22nd day ) 
the two lateral margins of the neural groove 
the the 


region of the fourth to the sixth somite and 


meet dorsally in middle line in 
fuse to form the neural tube. At this stage 
the cephalic two-thirds cf the neural plate 
as far caudal as the fourth 


the 


and tube, 1. e 
somite, constitute the primordium of 
future brain 

In the absence of direct contact with the 
feeble 


capacity to differentiate into nervous tissue 


organizer, the ectoderm has only a 


This could result in a corresponding failure 
of the plaie to close, sim ‘osure depends 
on continued differential gr ch of the plate. 
When the neural plate rer sins unclosed, it 
is soon covered by an overgrowth of meso 
derm, 

contact between 


cause of abnormal 


mesoderm and entoderm uld be, accord 
ing to Erskine, the presence of edema and 
cystic changes in the mesenchyme, which was 
noted by him in two anencephalic embryos 
of 14 and 18. mm. in length. 

The teratogenetic termination period, Le 


the latest developmental stage at which the 


Altmann 


damaging factor must have been operative, 
is evidently the time of closure of the neural 
tube, which starts in embryos with seven 
somites (about 22 days old). The develop 
course, very 


mental disturbance could, of 


well have started much earlier, but it ts, 
at the present state of our knowledge, im 
possible to determine the actual moment 
of its onset. 


The determination of the normal develop 


action is) ap 


normal organizer 


ment by 
parently the result of the smooth interaction 
of a multitude of genes. The determination 
of the inherited malformations would in the 
last analysis be the result of abnormal genes, 
which cause abnormal organizer actions 
Human anencephaly must, however, not 
necessarily be the result of nonclosure of the 
neural tube It could also develop as a 
result of rupture and partial resorption of 
an already closed tube. This 


cluded from the findings in pseudencephalic 


can be con 


mice, Which bear some close relationship to 


the certain human 
anencephaly. The changes in mice are caused 


The underlying 


findings in types of 


by a single recessive gene 
disturbance is, according Bonnevie, a 
disproportion in the growth of the medullary 
tube and the surrounding mesenchyme, A 
delay in the separation of the primary germ 
layers, particularly a delayed separation of 
the 


becomes manifest in embryos of 


notochord from the ectoderm, which 


seven to 


eight days, has shifted the balance of growth 
tube. In 


in favor of the medullary mouse 
embryos of about 10 days the spinal cord 
has already become too big In proportion to 
the surrounding mesenchyme and forms 1 
regular curvatures in the neck region and 
Rapid growth of the brain with 
the 


leads to a rupture of the brain with outward 


elsewhere 


increase of intracranial pressure soon 


prolapse 


Bivetti describes the findings in six 


anencephalie human embryos of 14-30 mm 
in length with varying degrees of anen 
cephaly and assumes from them that there is 
a developmental mechanism similar to that 
for the 


found 


Bonnevie pseudencephalie 


15 
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mice, Patten assumes from findings in hu 
man embryos that local overgrowth of the 
neural plate in early developmental stages 
might be a factor in the genesis of cranio 
schisis or rhachischisis. This overgrowth 
might either interfere with the closure of 
the tube or lead to rupture of the already 
closed tube. 

The changes in pseudencephalic mice are 
due to a single recessive gene; identical 
changes have also occurred in mice as a 
consequence of imbalanced chromosome 
combinations (translocations) the off 
spring of male mice which were exposed to 
x-rays (Snell and Picken). 

These observations lend support to the 
assumption stil held by some geneticists 
that human anencephaly is exclusively the 
result of abnormal gene action. This view 
(monomeric recessive heredity) was, for in 
stance, held as late as 1950, expressed by 
Polman, and Book and Rayner (lethal 
genotypical factor ). 

Lately there has, however, been a grow 
ing realization of the fact that a large but 
yet undetermined proportion of the mal 
formations is due not to genetic but to 
environmental factors (see Warkany, 1947). 
Ace ording to Grebe (1953), there are heredi 
tary, as well as nonhereditary, forms of 
anencephaly in man. Doth types seem to be 
equally frequent 

Rubsaamen and Leder, and particularly 
Werthemann, in a recent review of the sub 
ject, enumerate a multitude of factors which 
could influence the developing embryo, 
among them lack of oxygen, infectious dis 
eases of the mother during the first trimes 
ter of pregnancy, vitamin deficiencies, 
radiation, ete 

Kaven, Russell, and Hicks, for instance, 
produced typical malformations of the cen 
tral nervous system in mice and rats with 
single low doses of x rays. The patterns 
of the malformations ranged from anen 
cephaly through hydrocephalus to various 
kinds of microcephaly and hydrocephalus. 
Radiation of rats in the earliest somite 


stage, on the ninth day of pregnancy, pro 
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duced anencephaly together with severe de 
fects of the head. The malformations uf the 
central nervous system caused by ionizing 
radiation, or by other noxious agents, are 
most probably the result of damage to the 
primitive neuroblasts and spongioblasts 
(Hicks). The ensuing patterns of malfor 
mations are determined by two factors, the 
character of the agent and the time of 
injury. 

Through the courtesy of Dr. Josef 
Warkany (Children’s Hospital, Cincinnati ) 
| had the opportunity to examine the tem 
poral bones of a rat whose mother had been 
radiated with 1120 r on the 15th day of 
gestation. The mother was killed on the 
22nd day of pregnancy and 12 young were 
obtained (see Warkany and Schratfenber 
ger). These young appeared externally very 
abnormal, since they had short upper and 
lower jaws. All had cleft palates. The 
hands and feet were small and underdevel 
oped, the tails short and curly. The rib: 
showed abnormalities; the long bones were 
essentially normal. 

Rat 2A 1605a.—-Serial sections were prepared 
for histological examination of the head 

Bram.—Severely malformed, with absence of 
the corpus callosum and hydrocephalus 

Lars.—-Identical findings on both sides 

:xternal bars.—Normal 

Middle Ear.—KEustachian tube well developed; 
tympanic space narrow, slit-like; the remaining 
part of the tympanic cavity filled with loose 
reticular connective tissue. Round window normal; 
oval window absent. Malleus well developed, com 
pletely cartilaginous; incus rudimentary, reduced 
to a small piece of cartilage representing the body 
and articulating with the head of the malleus 
Stapes, styloid process, and stapedius and tensor 
tympani muscles absent. Facial nerve normal, 
giving off the chorda tympam, which ran forward 
over the medial surface of the handle of the ham 
mer. The stapedial artery entered the middle-ear 
space just behind the point of exit of the facial 
nerve. It then ran forward and upward along 
the medial wall of the middle ear and eve .tually 
penetrated in a short canal the base of the skull 

Inner still completely cartilagi 
nous! oval window and cochlear aqueduct absent 

The place of the cochlear duct was taken by 
a Slightly curved cystic sac (Fig. 10); the ccule 


and utricle were likewise very wide and com 


municated with each other through a wide opening ; 
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Fig. 10 (Rat 2A 1605a, right side).—Cystic sac 
replacing the cochlear duct (¢) and commumnicat 
ing through a wide opening with the saccule (s) 


The 


saccule 


endolymphatic duct and sac were absent 


cochlear cyst communicated with the 
through a wide opening; the border between the 
circular 


saccule and utricle was marked by a low 


fold projecting into the lumen. The perilymphati 
cisterna had become almost completely obliterated 
by the dilated Both 


were present showed, on its 


saccule and utricle maculae 


The 


ial circumference, a band-like epithelial 


cochlear cyst 


posteroni 
thickening which revealed the typical structure otf 
newborn rat; tectorial 


the organ of Corti of a 


membrane was well formed and stria vascularis 


The membranous canals, includ 
he 
supplied the maculae and cristae, as 
with 


also rec ognizable 


ing the cristae, were normal eighth nerve 


well as the 


organ of Corts, fibers 

Briefly summarized the following anoma 
lies were present : 

Inner ear: absence of endolymphatic duct 
and sac, dilatation of utricle and saccule, 
transformation of cochlear duct into a cystu 
sac 

Middle ear: absence of stapes, stapedial 
muscle, and styloid process; rudimentary de 
velopment of incus; absence of tensor 
tympani muscle. 

The just-deseribed findings resemble those 
described by me (1955) in two rats, the 
mother of which had received Trypan blue 
injections in two-week intervals before 
pregnancy and one injection on the Ist, 14th, 
and the 15th day of pregnancy. There was, 


however, a hermiation of the dilated cochlear 


Altmann 


duct through the internal auditory meatus in 
one of them and a severer malformation of 
the middle ear in both of them 

still 


changes, without anomalies in’ the middle 


Similar but more marked inner-eat 
ear, had previously been described by Hert 
wig in the offspring of male mice which 
had 10000 r 


(x-ray-mutated circler mice ) 


received an x-ray dosage oft 

Phe question naturally arises whether im 
the just-deseribed observation the changes in 
the ears could be the result of the radiation 


on the 15th day of embryonic life, or if 


they represent coincidental findings 


The absence of the endolymphatic duet 
and sac points toa teratogenett termination 
period for the inner-ear malformation of 
10th day, the 


radiation. On the 15th day the gross differ 


about the 5 days before 
entiation of the membranous labyrinth, in 
cluding the endolymphatic duct and sac, 1s 
almost complete. In the middle ear all the 


ossicles are present and in the transition 
from the precartilaginous to the cartilaginous 
stage. Under these circumstances, it does 
not seem very probable that the ear changes 
are the result of the radiation, It seems 
much more likely that they represent coin 
cidental findings and that they are not related 
to the experimentally produced — skeletal 
changes. 

The just discussed case showed clearly 
how important a careful evaluation of all 
the findings in a given observation is in 
order to avoid conclusions which appear at 
first sight rather obvious but which, never 
theless, under closer and critical scrutiny, 
prove erroneous 

The next problem requiring discussion is 
the developmental mechanics of the ear. It 
has been shown in Amphibia that the oti 
vesicles develop under the inductive influ 
ence of the head mesoderm, the hindbrain, 
and possibly also the neural crest; the meso 
the 


review 


derm seems to be primary inductive 


factor (for a of the problem see 


Horstadius and also Yntema, 1955) 
Mesodermal induction is believed to occur 


mainly during late gastrular early 
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neurular stages; neural induction, during late 


neurular and early head-process — stages. 


Paired mesodermal inductors can be local 
ized in the early gastrula; the mesodermal 
activation actually starts with the migration 


of the notochord mesoderm beneath the 


prospective ear ectoderm, It grows in in 
tensity until the neural folds start to form, 
then diminishes, and eventually becomes 
completely extinet 

Mesodermal activation is followed by a 


folds. The 


ear ectoderm comes to lie adjacent to the 


tivation localized in the neural 
folds during neurulation, and so is exposed 
to neural activation. This influence is most 
effective during the process of fusion of the 
neural folds and then decreases in intensity. 
The further the 


otic vesicle is thought by many authors to 


normal differentiation of 
be contingent on the presence and intactness 
of the medulla oblongata. There is, however, 
the medulla is not 


If the hindbrain ts 


evidence that necessary 
for late differentiation. 
placode Stage a 


removed at the auditory 


normal labyrinth, nevertheless, forms 

Another essential factor seems to be the 
intactness of the endolymphatic appendage. 
Otocysts which fail to develop a ductus or 
saccus endolymphaticus may swell and re 
main vesicular, The presence of an intact 
however, no 


the 


endolymphatic appendage is, 


guarantee of normal differentiation of 


otocysts; it may be present im cases with 
eystie endolymphatic labyrinth 

The determination of the otoc yst for the 
development of a normal labyrinth does, 
therefore, not occur at one particular stage 
but occurs gradually. It is not completed 
until a relatively late developmental stage, 
and it probably involves several different 
factors im succession, The relative import 
ance of the two types of induction for the 
differ 


Mesodermal in 


normal development varies among 


ent groups of Amphibia 
duction alone results in imperfect, small ears. 
By the the 


formed, the rudiment ts able to develop into 


time auditory placode has 
a normal labyrinth without further activa 


tion by neural crest or tube. 
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There are strong indications that the de 
velopment and differentiation of the otic 
vesicles in mammals is governed by essen 
tially the same factors as in amphibians 
The findings in the already mentioned x-ray 
mutated circler mice (Hertwig) and in tis 
sue cultures of isolated otocysts of rats 


(lawrence and Merchant) seem to favor 
this assumption. 

In amphibians, the epithelium of the otic 
capsule exerts a formative influence on the 
surrounding embryonic mesenchyme and in 
duces the formation of a labyrinthine cap 
sule. After extirpation of the otic capsule 
in frogs, not only the cartilaginous laby 
rinthine capsule but also the medial part 
of the sound-conducting mechanism fail to 
the 


in chickens, extirpation of 


normal 
the 


develop; outer parts remain 
Similarly 
otocyst results in complete absence of the 
labyrinthine capsule and in improper de 
velopment of the footplate of the columella; 
all the other parts of the middle ear remain 
normal. 

These findings are in agreement with the 
fact that in man the stapedial footplate has a 
dual origin. The stapedial rim, the vestibular 
surface, the basal perichondrium, and_ the 
annular ligament are derived) from the 
lamina stapedialis of the labyrinthine cap 
sule, the remainder of the footplate from the 
second visceral bar (Cauldwell and Anson, 
1942). 

The development of the tubotympanic 
pouch and its derivatives is evidently in 
dependent of that of the inner ear, and vice 
versa. 

Since anomalies of the stapes, of a deriva 
tive of the second visceral arch, occur com 
monly in anencephaly, it will also be pointed 
out that the visceral arches develop under 
the inductive influence of the rhombencephal 
ic head organizer. Judging from the find 
ings, particularly in Amphibia, the major 
portion of the cartilages and bones of the 
visceral skeleton seems to originate from the 
cells of the neural crest (see Horstadius ). 
The latter takes its origin from the ecto 


derm, becomes separated from it at an early 
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developmental stage (before closure of the 
neural tube), and extends on either side of 
the midline in a craniocaudal direction in the 
angle between the neural material and the 
epidermis. Cellular proliferation within the 
neural crest leads to ingrowth of cell masses 
ia ventral direction, into the visceral 
arches. A participation of the mesectoderm 
of the neural crest in the formation of the 
visceral skeleton can also be assumed to take 
place in man, according to the findings of 
Bartelmez and Ivans. 

The dorsal portions of the neural crest 
participate, together with the lateral placodes 
of the ectoderm, in the formation of the sen 
sory ganglia of the head (for details see 
Horstadius and also Altmann, 1950) 

When applying the just-outlined concepts 
to the analysis of the anencephaly, of the 
ear changes and their mutual relationship, 
one must keep the following facts in mind. 
If noneclosure of the neural tube is the cause 
of anencephaly, the teratogenetic termina 
tion period of this malformation would be 
at an early stage of embryonic development, 


around the seventh somite Stage (2 


mm., or 
about 22 days), a stage at which the otic 
placodes have just become prominent struc 
tures. Should the anencephaly, however, be 
due to rupture of an already closed neural 
tube, the teratogenetic termination period 
would be at a later stage and the develop 
ment of the inner ear would have progressed 
much further. 

malformations im 
the 


For the inner-ear 


anencephaly which are confined 
cochlea, the teratogenetic termination period 
varies mainly according to the number of 
cochlear turns present. One turn is formed 
40 days), 


one and one-half turns in 30 mm, embryos 


in 18-20 mm. embryos (about 


(about 50 days), and two and one-half 


turns in 40-50 mm. embryos (60-70 days). 
Since the number of cochlear turns varies 
the 


from one to two and one-half turns, 


teratogenetic termination period would thus 
6-10 (18-50 


embryos). Such a late date explains, accord 


vary from weeks mm 


ing to Agazzi, why the changes in the mem 


Altmann 


branous labyrinth are, as a rule, confined to 
the the 
were the 


the cochlear duct; at time when 


teratogenetic influences active, 
cochlear duct was just developing, the other 
parts, however, having already developed 
and no longer subject to change. 

In the cases with rudimentary develop 
ment, or absence, of the semicircular canals 
the teratogenetic termination period would 
the the 
develop 


the anlage of two 
the 


or about five weeks ) 


be at time of 


pouches) from which canals 


(embryos of 8-9 mm., 
The frequent anomalies of the stapes and 
the the other 


ossicles would require a teratogenetic term 


less common anomalies of 


ination period at the time of the first ap 


pearance of the anlagen of the ossicles as 


condensations the mesenchyme of the 
second and first) branchial arches. ‘This 
would occur in approximately 7 mm. em 


bryos (32 days), since the first anlage of 
the stapes becomes visible at this Stage 

The changes in the cochlear and vestibular 
ganglia and the less pronounced changes 
in the geniculate ganglion are not necessarily 
due solely to a defective anlage but, at least 
partly, are also due to degenerative processes 

ganglia 
life 
yreal 


during 
the 


within the and nerves 


embryonte would) explain 


presence of numbers of round and 


plasma cells within the ganghia 
The 
ganglia, 
clearly discernible in embryos of 30 somites 
28 days) 


first anlage of the three 


the 


common 
acousticofacial ganglion, 1s 
It is derived mainly 


the 


(4-5 mm., 


from the otic vesicle and neural crest 
Shortly afterwards, in 5-6 mm. embryos, the 
facial ganglion becomes completely separated 
the vanglion; the 


tains its close relationship to the otocyst 


from acousti latter re 
Nerve fibers grow soon after the first ap 
pearance of the ganglion toward the brain 
The motor fibers of the facial nerve already 
extend in 6.9 mm. embryos from the neural 
tube toward the mesenchyme of the second 
the 
peripheral fibers of the geniculate ganglion 


branchial arch; they are joined by 
In 7 mm. embryos the acoustic ganglion has 


become partially subdivided into a superior 
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and an inferior portion, each of which 
develops its own group of peripheral nerve 
branches. In 9 mm. embryos (about 35 
days) the spiral ganglion makes its first 
appearance as an accumulation of ganglion 


cells 


toward the brain 


and one sees from it 


fibers growing 
When the 


the cochlear duct takes place, the cell mass 


formation of 


lies in the concavity of the first anlage, and 
it retains this relationship in later stages. 

In view of these data, the teratogeneti 
termination period of the anomalies of the 
gangha and nerves could also very well o« 
cur during the 8-9 mm. stage. 

Summarizing one can, therefore, say that 


the assumption of a influence 


damaging 
present not later than at the 7-8 mm. stage 
could satisfactorily explain all the known 
ear anomalies in anencephaly. If one is 
solely guided by the cochlear changes and 
fails to consider the other findings, one 
would arrive at a much later, but most 
probably incorrect, date. 

In regard to the mutual relationship be 
the the central 


nervous system and those of the ears, one 


tween malformations of 
should remember that not only the nerovus 
system but also the otic vesicles, as well as 
the visceral arches, develop under the in 
ductive influence of the same structure, of 
the material of the prechordal plate. It might 
also be of interest to point out again that, 
at least in Amphibia, the cells of the neural 
crest give origin not only to the major part 
of the acousticofacial ganglion but also of 
the visceral skeleton. It is, therefore, un- 
derstandable that disturbances in the head 
organizer can cause anomalies in the central 
nervous system as well as in all parts of 
the ear. The neural activation of the otie 
vesicles which follows the mesodermal ac 
tivation is, at least in Amphibia, most ef 
fective during the process of fusion of the 
neural folds, up to the time the otic placodes 
The the 
malformation of the otic vesicles, as well as 


have formed. 


determination of 
of the ossicles, must, therefore, also have 
taken place at a considerably earlier stage 
than even the earliest time considered on the 
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basis of the morphological findings as_ the 
teratogenetic termination period for these 


malformations. 


Otocephaly 


Otocephaly (synotia ) comprises a group 
of malformations which occur only rarely 
in man but oftener in certain animals such 
as sheep, cattle, dogs, guinea pigs, mice, and 
(See Blanc, Josephy, H. Marx, 


Wright and Wagner, Pires de Lima, and 


rabbits. 


others. ) 

Otocephaly is often associated with vary 
ing degrees of cyclopia (see Wright and 
Wagner ). 

According to the severity of the mal 
formation, the following types can be dis 
tinguished (Blane) : 

In ageniocephaly, or agnathia, the type 
most frequently observed in man, the mandi 
ble is highly rudimentary or sometimes even 
completely absent; the oral cavity is rudi 
mentary and the hypopharynx occluded; the 
shifted to the 


markedly approximated, and the middle-eat 


external ears are neck and 
cavities approach each other and are in some 
Maxillae, palatal 


instances already fused. 


bones, and sphenoids are rudimentary 
Cranium and brain are normal. 

In sphenocephaly also the mandible ts 
highly rudimentary or absent and the oral 
cavity rudimentary. Zygomatic bones, tem 
poral bones, pterygoid processes, and 
maxillae are shifted in a ventrocaudal dire 
tion and approximated; the alveolar proc 
esses are bent toward the midline, and the 


still 


The external auditory meatuses 


auricles are either already fused or 
separate. 
are, accordingly, either fused into a single 
canal or still bipartite. The tympanic cavity 
presents various degrees of fusion 

In agnathocephaly the mandible as well as 
the oral cavity are absent. Zygomatic bones 
and arches are shifted more caudoventrally, 
and the eyes show a similar displacement 
There is further approximation of the maxi] 
lae, with partial fusion of the alveolar proc 
esses. Auricles are approximated or united 


at their base, squamosal bones approximated 
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or fused at their base, and tympanic cavities 
approximated or fused. Cranium and brain 
are still well formed. 

In strophocephaly the eyes lie im a com 
mon orbit on the undersurface of the head. 
Zygomatic bones and arches are absent, the 
maxillae highly rudimentary, and the squa 
mosal bones fused below the sphenoid. 
Auricles and tympanic cavities are approxi 
mated or fused. The nose is severely mal 
formed and represented by process 
situated above the eyes (proboscis), Cran 
ium and brain are still normal. 

In edocephaly the eyes become fused, 
the nose 1s either represented by a proboseis 
above the eyes or is completely absent, and 
maxillae are below the sphenoid. The auricles 
are deformed, approximated, and lie below 
the fused eyes, at the border between the 
head and neck. Their long axes stand almost 
horizontal, and the auricles are slightly fused 
at the approximated ends. Tympanic cavi 
lies are approximated or fused. The brain 
is malformed and cystic. 

In severer degrees of cyclopia (opoceph 
aly, spherocephaly) the nose is absent and 
the eyes rudimentary. Auricles, tympanic 
cavities, and Icustachian tubes are fused. 

In triocephaly, the severest degree of these 
malformations, the face is completely absent, 
except for the ears, which are united at 
their base. The petrous pyramids are ap 
proximated or fused in the midline. 

In guinea pigs, otocephaly appears 
sporadically in certain inbred strains. All 
the already mentioned types of malforma 
tions are found, and, according to the 
severity, 12 degrees were distinguished by 
Wright and Eaton, and Wright and Wag 
ner, starting with hypoplasia of the mandible 
and ending with full-fledged triocephaly. 
The last two authors give the most compre 
hensive analysis of the findings in oto 
cephaly in general and its relationship to 
cyclopia 

A review of the ear findings shows 
essentially identical conditions in the less 
severe forms of the meiformations (see 


Blane, Josephy, Marx). 


Altmann 


The auricles are present and show, as a 
rule, aside from the shift in their position, 
only slight changes, not exceeding a moder 
ate degree of microtia (Otto, Guerdan). 
Marked shift to the midline might be ac 
companied by fusion of the lobules ( Hoft 
mann). The external auditory meatuses are 
either separate, converging, or already 
fused. 

The middle-ear changes are also essentially 
determined by the tendency to fusion, The 
annuli tympanict might be approximated, 
connected by a bony rod, or fused into one 
bone containing a single drum merbrane 
for both external auditory canals. The 
tympanic cavities might be united and are 
sometimes considerably dilated. The ossicles 
are either normal or deformed and partially 
defective or completely absent (Kuse). In 
several instances, such as in Arnold’s case, 
the heads or the handles of the hammers 
were connected by a small bony rod, which 
was regarded as rudimentary cartilage of 
Meckel. The fenestrae are sometimes nar 
rowed or closed with connective tissue or 
bone 

The Eustachian tubes are sometimes 
fused, shortened, or even completely absent 

The inner ears are, as a rule, normal 

In triocephaly, which so far has been 
observed only in animals, the whole skull is 
highly rudimentary; the temporal bones 
are always present, although markedly de 
formed. Aside from several macroscopically 
examined cases, all in sheep, a similar case 
was recently studied histologically by Millen 
and Davies 

In a sheep fetus of 82 mm. in length, with an 
approximate age of seven weeks’ yestation, the 
head was rounded and lacked the normal projec 
tion of the snout region. The pinnae were ap 


proximated, and there was no indication of the 
nose, eyes, or mouth 

The pharynx ended at the level of the attach 
ment of the hyoid cartilages to the auditory cap 
sules. It was continuous cranally with a very 
narrow diverticulum, which was considered to 
represent the fused right and left tubotympanic 
cavities. Cranially the diverticulum opened onto 
the anterior surface of the head, a little above 


the pinnae. Below the opening, there was a well 
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plug which did not quite reach 


diverticulum 


marked meatal 
the tubotympanic 


The 


proximated, and the anterior part of the base of 


cartilaginous auditory capsules were ap 
the skull with the ethmoid was missing 
Meckel’s 
fused into a single cartilage lying dorsal to the 
On its 


was connected laterally 


cartilages were reduced in size and 


tubotympanic diverticulum caudal end 


this cartilage to the right 


auditory capsule and articulated anteriorly with 


the right cartilage of Reichert. Membranous ossi 
fication around the cartilage suggested an attempt 
to form a mandible (Fig. 11) 

The Reichert's cartilages 


attached on both sides to the labyrinthine capsule 


cramal ends of were 
They then passed in a caudoventral direction to 
the 


turned 


ward the midline, almost meeting im front of 


tubotympanic diverticulum, and then 
caudally to connect with the hyoid apparatus in a 
normal manner 

The only recognizable ossicle was the left stapes ; 
it lay deep to Reichert’s cartilage and was con 
to if had two 
crura artery but 


was absent 


nected by a cartilaginous bar. It 


normal encircling a stapedial 
lacked a footplate 


On the right side, oval window, stapes, and stape 


The oval window 


dial artery were absent 

The 
the 
cartilages, 
were given off to the muscles associated with the 
found 


foramina 
Reichert’s 


Branches 


facial nerves emerged from 


turned around 


the 


auditory capsules, 


and united in midline 


cartilages; several ganglionic masses were 
in relation to the facial nerves and their branches 


The the 


were normal 


inner ears, meluding auditory nerves, 


Forebrain and midbrain were absent, but the 


hindbrain and its associated nerves were present 
The 
approximately 
Phe authors explain the findings with a 
primary defect in the foregut, with subse 


quent failure in the induction of the anterior 


trigeminal ganglion and nerves were of 


normal size and distribution 


part of the neural plate and of the associated 


neural crest, 

The 
embryo seem to demonstrate a close develop 
the 


conditions deseribed this) sheep 
nervous 


the 


relationship between 
the 


hand, and the visceral arch mesoderm, on 


mental 


system and neural crest, one 


the other. The findings at the cartilaginous 
base of the skull, especially mn the region 
of the trabecular cartilages, strikingly re 
sembled the results of neural crest excision 
in Amphibia ( Horstadius ). 

The absence of the stapedial footplate 
and of the oval window is again explained 
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by the dual origin of the stapes, from 
Reichert’s cartilage and from the lamina 
stapedialis of the otic capsule. 

Agnathia, and to a certain extent the en 
tire group of otocephalic malformations, 1s 
distinguished from the other types of mal 
formations of the first visceral arch by three 
characteristic features: a constant, severe 
malformation of the mandible; a relatively 
mild involvement of the ear; a combination 
of the two with severe malformations of the 
foregut derivatives—mouth, pharynx, and 
The degree of the latter mal 
that of the 


esophagus. 
formations runs parallel to 
mandible, 

The great variety of the malformations 
of the first branchial arch, ranging from 
dysostosis mandibulofacialis, or the Treach 
er-Collins syndrome, to agnathia, is due to 
the relatively independent behavior of the 
various component parts of the first branchi 
al cleft the 


agents, whatever they might be. Lehmann, 


arch and toward causative 
in a recent review and analysis of the known 
anatomical findings and of the results of 
experiments in Amphibia, comes to the con 
clusion that the otocephalic malformations 
are the result of damage to the deuteren 
cephalic, or caudal, head organizer. Since 
the nervous system and the inner ear are 
only very rarely affected, one must assume 
that the malformation develops at a_ time 
when the induction of the rhombencephalon 
and of the otic vesicle has been more o1 
less complete but not later than that. The 
of the the 
formation takes place at a still earlier date, 
at the the of the 


various organ anlagen within the previously 


determination extent of mal 


time of determination 
not too highly differentiated blastema_ field 
(so-called segregation ). 

Since damage to the prosencephalic head 
organizer leads to arrhinencephaly and cy 
clopia, the severest degrees of Oto ephaly are 
evidently due to damage not only to the 
caudal but also to the rostral head organizer 


Double Monsters 
in certain 


of 


The 


forms 


ear changes occurring 


of double monsters are limited 
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interest and will only be discussed briefly. 
For more detailed information concerning 
double monsters in general the reader is 
referred to the classical work of Schwalbe 
and for information concerning the ear to 
the review of Marx. 

ar changes are found in monsters with 
ventral fusion of the two individual parts 
above the umbilicus (cephalothoracopagus, 
prosopothoracopagus ) and those with 
varying degrees of anterior duplication of 
the body axIs (duplicitas anterior, dipro 
sopus, dicephalus ). 

In the so-called monosymmetric form of 
the cephalothoracopagus (Schwalbe) one of 
the “secondary anterior surfaces” shows a 
regular face, while on the opposite surface 
the medial parts of the face are missing. 
The ears are approximated or fused. 

According to the size of the median de 
fect, Marx distinguished three types of ear 
changes. 

In Type 1, the mildest degree of synotia, 
the auricles are approximated and_ touch 
each other. The external meatuses converge 
in the depth, are separated from each other 
by a septum, or partially united. The mid 
dle-ear spaces are separated and the laby 
rinths normal 

In Type 2, the auricles are fused in the 
lower part. The meatuses ; separate or 
united; the middle-ear spaces are united into 
one space. Both mallei and imeudes are 
fused; the labyrinths are essentially normal 

In Type 3, the auricles are fused and 
more or less hypoplastic. There is only one 
meatus which ends blindly. The middle-ear 
space 1s hy: elastic or absent, and the laby 
rinths are malformed. The two ears on the 
nondefective surface are either normal or 
also show anomalies (Alexander, 1899) 

The prosopothoracopagus is characterized 
by ventral union of the chests and oblique 
lateral union of the heads. One finds on the 
anterior surface of the united heads a more 
or less complete duplication of the face and 
on the posterior surface various degrees of 
synotia with various degrees of union of the 


inner parts. 


Altmann 


In anterior duplications one finds, a 
cording to the degree of duplication, all 
the transitional stages between complete ab 
sence of the medial ears in slight degrees of 
duplication and normal formation of the 
medial ears in marked degrees 

In the so-called asyimimetri double mon 
sters one individual part is considerably less 
developed than the other fully developed 
individual part. The less developed part ts 
called the parasite, the other one the autosite 
(Schwalbe ). 

In cases of cephalothoracopagus para 
siticus the auricles are often relatively well 
developed even when the other parts of the 
head are missing. 
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Direct Adenoidectomy 


TIT. Results 


PAUL GUGGENHEIM, M.D., Topeka, Kan. 


Results of direct adenoidectomy in 36 
cases of conduction hearing impairment in 
children were reported by L. K. Guggen 
heim! 13 years ago. No similar report has 
appeared in the subsequent literature, al 
though the surgical principle of complete 
adenoidectomy under direct vision in such 
cases has gained wide acceptance. Since 
the value of any treatment for the allevia 
tion of deafness is measured only by re 
would seem no less worth while 
to record the effects of 


performed by various techniques than the 


sults, it 
adenoid surgery 


results of fenestrations, stapedolyses, x 
ray, radium treatment, ete. 

The purpose of the present communica 
series of 30 
Twenty-one of these are pediatric. 
14 of these | performed the first tonsillec 


tion is to report a cases, 


Upon 


tomy and adenoidectomy (Group I cases). 
Seven are cases of adenoidectomy revision 
(Group II cases). Unlike L. K. Guggen 
this includes 


some adults and adolescents, nine in num 


heim’s material, series also 
ber, upon whom either primary or secondary 
surgery was performed (Group II] cases). 

Such data require that preoperative and 
postoperative hearing tests be recorded in 
Indeed, L. K. 
Guggenheim impressed upon me the desir 
ability of performing audiometric screening 
and A. irrespec 


all hard of hearing cases. 


upon all candidates for T, 
tive of the complaint of impaired hearing. 
This procedure has revealed a surprising 
number of children with subclinical hearing 
losses which might well have proved to be 
of later importance. It ts noteworthy that 
audiometric defects may closely approach 
the critical 30 db. level without bringing 
Accepted for publication Aug. 1, 1956 
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the child’s problem to the attention of the 
Yet the margin of safety, the 
Many such 


parents. 
reserve, is nearly exhausted. 
children, if neglected, will subsequently de 
velop clinical losses due to progressive, 
irreversible tympanal fibrosis. 

Routine audiometric screening no doubt 
imposes a burden of added work upon the 
routine of a busy office. Yet, it seems no 
less logical to screen these children, who 
are already patients, than to screen school 
children generally. Quite commonly even 
children with obvious hearing defects are 
A., for it is as 


sumed that the operation, by whatever tech 


not tested prior to T. and 
nique it is performed, will do everything 
possible to alleviate the existing defect. 
Since each surgeon uses the technique 
most satisfactory in his own hands, no one 
is in a favorable position to produce com 
parative statistics of results from different 
methods. It is therefore urged that each 
operator interested in advancing the spe 
cialty study his own clinical material and 
compare his results with those of others. 
My experience agrees with L. K. Gug 
genheim’s that complete adenoidectomy with 
tubal dilatation will restore normal hearing 
in the overwhelming majority of cases of 
conduction deafness due to lustachian-tube 
obstruction from hypertrophied and infected 
adenoids. This improvement occurs in from 
one to three months following surgery. 
Routine audiometric follow-up is done not 
sooner than one month postoperatively, 


ideal results were obtainable, for the most 
age. 
Beyond that age, presumably as a_ result 


Guggenheim! reported that such 


part, in children up to 13° years of 


of hormonal changes, there was believed to 


DIRECT ADENOIDECTOMY 


be a progressively increasing tendency for 
adult scar tissue to be deposited in the 
tympanic cavities, with production of an 
I have found, never- 
prising results are some- 


irreversible fit sis. 
theless, that 
times obtained in adolescents and even 
adults as a result of complete adenoidec 
tomy. While one can be less certain of the 
outcome, the effort is still distinctly worth 
while from the point of view of hearing. 
It has been my experience, in common 
with others, that adequate adenoidectomy 
markedly diminishes the frequency of otitis 
media. Nonetheless, we are occasionally 
distressed when our adenoidectomy cases 
experience a later attack. One must re 
that the 


obstruction or other “anatomic 


member even in absence of 
tubal 


disposing factor” other influences can work 


any 
pre 


to the patient’s disadvantage. A particularly 
virulent bacterial invasion, injudicious blow 
ing of the nose during an acute upper 
respiratory infection, allergy, or hypogam 
maglobulinemia may be responsible. 

Guild? has pointed out the desirability 
of long-term follow-up in such cases as 
those reported herein, preferably for pe 
riods up to two years. A number of factors 


make such long-term study exceedingly 
dificult in this age of increased social 
mobility. Not the least of these is the 


TABLE 1 


Dilatation 


Group 


1 Bilat 

2 Bilat 

3 Right side only 
4 Bilat. 

5 Right side only 
6 Right side only 
Bilat. 
11 Bilat 
12 Bilat 
13 Bilat 


Right side only 


i5, 16, 18, 19, 21 Bilat. 


Bilat 
24 Right side only 
29 Right side only 


Guggenheim 


Group Il Cases 


Group III Cases 


“minor” nature of the (from a 
lay viewpoint). 

I can attest that even shorter term studies 
(up to a half year) are generally lacking. 
Although the results reported herein are 


not long-term according to the standards 


surgery 


of Guild, it is my impression from the 
limited number of cases which I have been 
able to follow for longer periods, that oc 
casional attacks of otitis media which follow 
complete adenoidectomy but are properly 
treated, do not permanently impair the good 
results already achieved in restoring hear 
ing. In consequence, it seems probable that 
the results reported herein represent perma 


nent improvements 


The Factor of Unresorbed Mesenchyme 


a few cases of conduction impairment, fail 


Guggenheim had observed that 


ing to achieve full restoration of hearing 


after complete adenoidectomy, improved 
satisfactorily after subsequent dilatation of 
the tubal the 


Gyergyai. The rationale of this procedure 


orifices with olives of von 
has been extensively discussed elsewhere.‘ 

I have tried to follow a suggestion of 
Goodhill® to perform unilateral dilatation 
upon children with bilaterally symmetric 


audiometric defects in order to compare the 


Summary of Results of Unilateral Tubal Dilatation as Compared with 
Those of Bilateral Dilatation 


Result 
Cases 


Slightly asymmetric, not significant 

Symmetric 

Very slight asymmetry favoring right ear, not 
believed significant 

Symmetric 

Symmetric 

Symmetric 

Essentially symmetric 

Symmetric 

Symmetric 

Symmetric except for 125 d.v 

Definitely asymmetric, favoring right ear 


Symmetric 


Asymmetric (chronic fibrosis unilaterally, case 
not relevant) 

Symmetric (defect originally minimal and on 
right side only) 

Symmetric (defect originally 

right side only) 


minimal and on 
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A. M. A. ARCHIVES OF OTOLARYNGOLOG) 


Taste 2.—Data on Thirty Cases 


Previous Rx 
or Surgery Operation Clinical Follow-Up 


D.,0,K,C,A,8 T&A,++, W Mild mumps, encephalitis 
l wk. P.O. No allergy treat- 
ment. 8 per ists. 


4 


De Sp O,*,T 


T&A‘ h defect disappeared. 

De, T,H T&A rt. only) 
T&A 
T& 


improved to normal. 
» (rt 
1 only) 

8,1, T&A,W 

DT T&Att Alleviation of D. 

8,D-.,1 (1) T&A,t,W (1) Cieatricial obliteration of 
(2) Antrum windows, nasopharynx. 8 persists 
plastic repair of naso- (2) 5 cured. Good patent 
pharynx; acrylic obtu- nasopharynx. Little change 
rator worn 3 mo. 6 wk. in Dg. 

Cortisone 

T&A 

D.,Ad,K,8,T,H cured. H improved to 

normal, 

T,Att,O*#,D, X-ray Kx at 5 T&A,t+W One severe Ot (rt.) 2mo, P.O. 

Ultimate hearing result un- 
impaired. 


gr 


0,T,R,De T&Att 
D,,Ad,Sp,R (1) T&Att (rt. only) 

(2) 2 mo. later |t. tubal 

dilat 

Do, C,At,0+, TAA at 3 

D,,Ad,0,C,8, mother T&A at4 T&Att 1) Bilat. E,P.O. 8 persisted 
otosclerotic (2) Bilat. myringotomy; because overlooked. 

penicillin (2) Uneventful recovery. 

O.M.P.C, (rt.) since age T&A at7 Modified radical mastoid- Small, dry perforation; of rt. 

D),,Ad,H ectomy and At in one M.T. (previously polyp). H 
session —— Nasal breathing 
estored. Slight audiometric 

Ai S cured 

Otirt.), De, Ad : 

Ort.) Deilt.),T,Ad 
(Leptothrix 

Ot(acute mastoiditis, PMA at 6 Bilat. simple mastoidecto- 
laterally),De,Ad mies in 2 sessions; later 

Att 

Dt.) from old simple Lt. simple mastoid Att(it. only) H improved. Nasal breathing 
mastoidectomy for mas ectomy at 6 TAA better 
with “coma at 7 

Ad, 

0 M.P.C , bilat. trom TA&At (local Fars healed with closure of 
childhood, with — bilat perforations. Nasal breathing 
aural poly improved 

De (rt.),8 t(rt. only),W Sinusitis cured 

OM. rt from lonsillectomy at 2 Dry right ear with posterior 
childhood marginal perforation 

PAA 1 wk. P.O. acute 8,0 (lt 

de cured 

(rt P&A at 1 wk. P.O. acute 8,O (rt 

de cured 


No more Of (followed 2 y 


Chr wenoiditis, bron PAA at4 Mysteclin, T&At Tinnitus, bronchitis, P.N.D 


chitis, fever, tinnitus, K fever, cured 

Ad,A,U Elimination diet TAA only) Nasal breathing restored 
intihbistaminics allergy improved. 

O.M.P.C.,  bilat from Kt. simple mastoidecto- Both ears dry with large in 

childhood; acute mas my; later T&A*(loe ferior marginal perroration 

tolditis (rt 


I'he following is a key to the abbreviations used in Tables 


Deafness or hearing impairment Db 
Subscript c=conduction type 
Subseript me«mixed type 
Subscript nhenerve type 


Procedures 


includes resection of lateral curtains 
Allergy (nasal includes also dilatation of Fustachian orifice 

nasal and asthma designates antrum irrigations (washes 

(nasal and asthma and eczema in Class II cases and some Class III cases are ob 
Adenoid obstruction (facte viously revisions, but special designation 
Frequent colds is necessary to indicate 
Tonsillitis indicates adenoidectomy revision when no tonsil 
Serous effusion of tympanum tissue Was present ‘Tonsil tissue was removed 
Acute otitis media, nonpurulent whenever present 
Acute otitis media, purulent 
Chronie otitis media, purulent 
Sinusitis 
Speech defect 
Retracted drums 
Below par general health status 
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2 5 
3 
44 
5 4 
6 6 
7 6 
7 
il 5 M 
12 M 
14 
7 
1h 4 M 
16 6 M 
17 M 
is 
19 6 
M 
21 M 
22 16 M 
24 25 k 
24 16 M 
25 25 M , 
2 12 
27 i4 M 
2 
M 
40 
2, 3,4, and 
28 


DIRE ADENOIDECTOMS 


1 


result with that of the andilated ear. Under 
the restrictive limitations imposed by such 
an experiment, the relevant cases are neces 
sarily few in number, Applying the utmost 
skepticism and considering significant 
only markedly asymmetric results im um 
laterally dilated cases, one case alone in the 
14) 


the incidence of unresorbed mesenchyme in 


present series qualifies (Case Since 
the ears of children generally is not known, 
difficult to the 
significance of this case. The 
sults of this admittedly fragmentary experi 
Table 1.) Fuller 


it is ASSESS statistical 


very 
over all Te 
summarized in 


ment are 


* With 


a Group | case occurred in this series 


one exception (Case 9), no revision ot 

he cx 
ception was the child who developed a cicatricial 
obliteration of the nasopharynx. This boy's younger 
sister, who had had a T. and A. performed by me 
without lateral curtain dissection or tubal dilatation, 
also developed considerable scar tissue in the naso 


‘| he girl had 


no hearing loss and no sinusitis, and her scarring 


pharynx—evidently a familial trait 


result of an 


was discovered as the opportunity 
afforded by repair of a laceration of her soft 
palate from a fall on a stick. Her hearing was 
not affected by the searring. It is believed that 


sinusitis may have been responsible 


the brother's 


TABLE 3 


1024 2806 4006, 


l 15 20 B45 25 25 20 2! 

2 2) 40) 4) 
4 2 30 20 4) 
4 1h 10 20 10 2. 
5 2 20 4) 15 10 
6 25 $5 40 40 l 15° 15° 
7 Ww 25 20 10 15° 

10 ) 5 5 25 
25 20 20 15 
14 15 15 20 


oF 2 25 
2 20 20 4) 24 4 
4 0 0 20 
f 10 25 20 
6 20 2h 20 w ° 
7 25 25 25 2) 
§ 10 0 0 
35 25 25 2h 
12 15 20 3h 
13 10 10° 2 2 
10 40 4) 25 
22.0) 


For the meaning of abbreviation 


Guagenheim 


Hearing Results in Group I Case 


Right Ears 


5792 


ised, see footnote to Table 4 


details are given in the analysis of the 
cases which follows. 
Analysis of Cases 

Cases have been divided into three cate 
gories for convenience of analysis 

Group I comprises 14 cases in which I per- 
formed the first T. and A 

Group II comprises 7 cases in which secondary 


(T. and A 
Group III comprises 9 cases of adolescents or 


surgery revision) was performed.* 


adults whom either secondary 


surgery was performed 


upon primary of 


Operations in which no curtain dissee 
tion or tubal dilatation was performed are 


and A The 


referred to simply as 


His 


because of per 


for the greater searring which he suffered 


condition was discovered when 


sistence of the sinusitis and increased hearing loss, 


| performed bilateral intranasal antrostomies and 


undertook what I anticipated to be simply an 


adenoidectomy revision. The obliterating sear tis 


sue was removed by careful scalpel dissection. No 


skin grafting was done An aeryhe obturator was 


worn for three months, during half of which 


period the boy received 100 mg. of cortisone daily 
An excellent result was achieved, meluding cure of 
Hearing original 


the sinusitis improved to. the 


defect 


moderate 


preoperative level-—a very 


8192 End-Result 


25 15 Speech range normal; 12-20 db. residual loss 


ihove and below 


45 Completely normal 
2 24 10) db. residual loss for 125,250 
$f 2-25 db. residual loss for 125,250, 500, 1000 
15 db. residual loss for 2000 
10) 25 45 Completely normal 
20 10° 10* Completely normal 
1u* 5° 10° 15 db. residual loss for 500 
25 10 Dx Dy, alleviation of D, 
Hearing essentially unchanged 
24 $5 10* 12 db. residual for 125, 250,500 
4) 25 Completely normal 


2 10* 20 db. residual for 
Completely normal 


mo. postop. 


25 Normal except 20 db. residua ‘loss for 12,000 
2 Completely normal 
15 25 10 15 db. residual loss for 125, 250 
25 $f Same as right ear (see above 
24 40 2 Completely normal 
15 Completely normal 
10° 15 db. residual Joss for 125 
10 Dx D illeviation of 
0° Hearing essentially unchanged 
45 20 Completely normal 
ay) 25 Completely normal 
20 Completely normal 
10° 35 25 Completely normal (after secondary tubal 
dilatation 
» 


Case 128 512 
Av. 15.7 191 225 200 182 200 29 22.7 2.0 2s. 
Left Ears 
2 


A. M. A. ARCHIVES OF OTOLARYNGOLOGY 
Tasie 4.—Hearing Results in Group II Cases 
Right Ears 
Case 1% 24 512 1024 2045 2806, 40196, 5792 8192 11,584 End-Results 
15 25 30 40 25 25 40 45 35 25 Completely normal 
16 25 35 20 40 35 35 20 Completely normal 
17 10 5 10 5 10 5 25 15 0 0 O.M.P.C, cured, little over-all change in 
hearing. 
1s -5° 6° 0° 5° 5° 0° 15 5° 15° 20 Completely normal 
19 = 20 20 35 25 . 39 25 30 30 20 db. residual for 125,250,500; 15 db. for 1000 
21 2 10 15 20 * Completely normal 
AY. 21.2 17.0 22.0 240 22.5 22.5 28.0 30.0 33.3 19.0 
Left Ears 
15 vo) 6 30 45 40 - 25 25 25 15 Completely normal 
16 6 16 1S 2 5 25 25 40 25 10 Completely normal 
17 10 10 0° 10 5° 0° 15° 15° 20 5 Normal except 20 db. residual for 125 and 
11,584 
1s 2 16 15 10 5° 15° 20 5° 15* 15 Completely normal 
lv 10 ub 5 6° §° ° 15 15 30 30 20 db. residual for 125,250,500 
nw» 10 6 10 15 5 15 25 25 15 35 Completely normal 
21 ° ° 10 15 Completely normal 
AY 15.0 12.5 15.0 16.0 23.4 20.0 22.0 26.2 20.5 17.8 
For the meaning of abbreviations used, see footnote to Table 2. 
additional performance of curtain dissec- as a parenthesis to the designation 


tion is designated by “T&A.*” Tubal dila 
tation, which was carried out only when 
lateral curtains, if any, were first resected, 
is herein designated by “T&A.+*” In a 
limited number of cases of symmetric or 
near-symmetric hearing losses, dilatation 
was carried out on one side (right) only, 


and this information has been appended 


Taste 5.—Hearing Res 


Right 
Case 128 256 512 1024 2048 2396 4096 
15 . . . . 
2 40 40 40 45 20 30 10 
24 16 20 5° 5° 5° 10° 20° 
25 2 20 10 5 0 10 10 
26 20 2 1b 15 10° 16 5° 
27 15 15 25 25 25 20 15 
28 10 20 15 10* 
w 15 20 16 
40 10 25 45 25 5 5 10 
AV. 17.7 22.5 23.6 23.0 12.5 16.0 11.2 
Left 
22 2» 5 5 10 5 
23 15 1h 10 15 10 20 20 
24 10 5 10° ° 
25 20 25 25 i) 2 2 
26 1h 1h 10 
27 10 5 10" 
20 15 10* ° 
8O 5 18 20 15 25 20 25 
AV. 13.8 144 12.8 10.0 KS 5.0 10.4 


For the meaning of abbreviations used, 


30 


“T&A.+ +” 
For brevity, past histories and clinical 
tabular 


findings have been presented in 


form, End-results, aside from hearing, are 
included in Table 2. 

Audiometric improvements are also pre- 
sented in tabular form with comments on 


the end-result as to hearing (and other 


ults in Group IIT Cases 


Ears 
5792 8192 11,584 End-Results 

° * Completely normal. 

20 20 40 Normal except 20 db. residuals for 4000, 
6000 (possibly D,). O.M.P.C. since child 
hood-polyp. Far completely dry; per 
foration healed. 

15 30 25 Completely normal. 

20 15 15 O.M.P.C. since childhood. Residual D, 
but air-bone gap closed. 

10 0* Completely 

35 20 20 Completely normal. 

° * Completely normal. 

° ° * Completely normal. 

25 20 20 O.M.P.C. since childhood, Acute mas- 
toiditis; simple mastoidectomy before 
TA&ATt. Dry ears. Residual loss 20 db. for 
125; 15 db. for 1000, 2000, 3000. 

20.8 21.0 24.0 
Ears 

20 40 30) simple mastoidectomy. Nerve involve- 
ment (coma). De alleviated. 

15 10 5 Normal except 20 db. residual for 8000; 25 
db. for 11,584 (possibly O.M.P.C, 
since childhood-polyp. Ear completely 
dry; perforation healed, 

* Completely normal 

1h 5 2 Residual D, but air-bone gap closed except 
for 15 db. at 1000 

° . * Completely normal 

° ° * Completely normal 

° ° * Completely normal 

15 20 15 O.M.-P.C., since childhood. Dry ear. Resi 
dual loss 20 db. for 125; 15 db. for 250 

16.3 16.3 10.4 


see footnote to Table 2. 
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factors involving the ear alone). Groups 


I, Il, and 
(Tables 3, 4, 


have been tabulated sepa 


rately and 5) and average 
improvements for each frequency calculated 
for each group. Where initial hearing loss 
does not exceed 10 db., improvements (if 


Guggenheim 


LEGEND 


—— GROUP_I: Previously 
Unoperated, 

—-+GROUP IIs Previous T & A. 

---- GROUP TTT: Adolescents 
Adults with or without 
Previous Surgery. 


1] 


any) are not included in the averaging cal 


culation. (Figures for the improvement 
may or may not be entered in the appropri 
ate spaces, but all such spaces are desig 
nated by an asterisk. ) 

The average decibel improvements at the 


various frequen ies for each ear have been 
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Taste 6.—Incidence of Normal Initial Hearing Measurements in Three Groups of 


Patients 
Kight Fars Left Ears 
Asterisks Asterisks 
Of All - % of All 
Total Per Indiv. Measurements Total Per Indiv. Measurements 
Group | 34 2.43 24.3 29 2.07 20.7 
Group I 25 3.6 35.7 aw 2.86 28.6 
Group III $2 3.56 35.6 49 4.33 43.3 


* Dr. George Khodes, of the Department of Vocational Rehabilitation, Winter Veterans Hospital, helped with the statistical 


and graphic aspects of this study 


graphically plotted for all three groups 
(hig. 1). 

An impression, gained from glancing at 
the curves, that no significant difference 
exists between Groups I and II has been 
rigorously confirmed by application of the 
standard ¢-test.* From this result the con 
clusion seems warranted that adenoidectomy 
revision is capable of salvaging cases in 
which primary surgery has failed to give 
satisfactory improvement, with end-results 
comparable to those of successful primary 
surgery. 

The gradual upward slope of the two 
curves 1s also noteworthy, indicating that 
greater improvement is to be expected with 
rise in frequency. 

The curves for Group IIIT cases would 
appear, at first glance, to indicate that lesser 
improvements are to be expected in this 
age group, as pointed out by L. K. Guggen 
heim.’ Several considerations prevent one 
from regarding the present results as a fair 
test of this assertion. Group III, including 
cases of both primary and secondary sur 
gery, does not constitute a class comparable 
with Groups I and II from the standpoint 
of research design. Comparison of Table 
5 with tables 3 and 4 reveals many more 
spaces with asterisks in the former for left 
ears (Table 6), 

Ikven a casual inspection reveals many 
more minimal losses in Group III, a factor 
which limits the magnitude of improvements 
necessary to obtain even ideal results. On 

*Dr. George Rhodes, of the Department of 
Vocational Rehabilitation, Winter Veterans Hos- 
pital, helped with the statistical and graphic 
aspects of this study 
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Fig. 2A.—Group I, Case 2 (sample): Air-con 
duction audiogram for right ear. 


the other hand, Group III includes more 
instances of chronic, irreversible mayor 
temporal bone disease in which no appreci 
able hearing improvements could be ex 
pected from adenoid surgery or, indeed, 
any other treatment modality. No doubt 
these characteristics of Group IIIT are in 
evitable considering the tendency of passing 
years to heal wounds and to add_ sears. 
Ideally, a large group of adolescent and 


Fig. 2B.—Group I, Case 2 (sample) Air 
conduction audiogram for left ear 
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postoperative result 1s 
diogram for right ear 


Fig. 3C.—Group I, 
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Fig. 4A.—Group II, 
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25-year-old 
since child 


hig. 5A.—Group III, Case 23: A 
housewife with bilateral O. M. P. ¢ 
hood presenting granulations protruding through 
large central perforations bilaterally soth 
became dry, perforations healed, and hearing was 
restored to practically normal Air-conduction 
audiogram for right ear 


ears 


adult cases should be studied in which cases 
of primary and revision surgery would be 
separated, as in Groups I and II, and cases 
of irreversible temporal bone disease elim 
inated except for the one crucial condition 
which L, K. 
mitigating the results in patients past age 


Guggenheim visualized as 
13—insidious tympanal fibrosis in the ab 
sence of major suppurative disease of the 
middle ear or mastoid, 

In consequence, no real comparison is to 
be drawn between the hearing results in 


Group III cases and the essentially identical 


results in Groups | and Il. The figures 
for hearing improvements, as well as the 
alleviation of suppurative conditions, indi 
cate, suffice it to say, that adenoid surgery 
in the adolescent and adult has much to of 


fer 
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Fig. 5B 


audiogram for left ear 


Individual audiograms of four cases are 
presented in full. Three are merely samples 
of their respective groups, one (Case 14) 
the crucial for the 
tubal dilatation (Goodhill experiment ) 


case effectiveness of 
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The Dry Physiologically Perfected Fenestra Nov-Ovalis 


Technique 


A Technique for Predictable Restoration and Conservation of Serviceable Hear- 


ing in Clinical Otosclerosis 


JULIUS LEMPERT, M.D., New York 


Ever since Barany! first observed that 
opening of the external semicircular canal 
improved hearing in clinical otosclerosis, the 
pioneers interested in the evolutionary de- 
velopment of the 
realized that to make the procedure entirely 
successful they would have to find definitely 


fenestration operation 


prescribed means for preventing postopera 
tive osteogenetic closure of the newly created 
fenestra if the improved hearing was to be 
maintained permanently. It became obvious, 
also, that prevention of postoperative in 
flammatory reaction of the vestibular and 
the cochlear labyrinth was a necessity, since 
such inflammation, when severe enough, 
could not only interfere with maintenance 
of the immediate hearing improvement ob 
tained by opening the perilymph space of 
the vestibular labyrinth, but might also re 
sult in still further impairment of hearing. 

After experimental trial with monkeys 
the my 
techniques, | succeeded in devising and pre 


and adoption of changes in 
scribing a logical means for consistently pre 
venting the osteogenetic closure of the newly 
created fenestra in the surgical dome of the 
vestibule. | had observed in both monkey 
and that the 
tympanomeatal flap covering the fenestra 


man when the portion of 
gap became invaginated, by accident, suf 
ficiently to cover and adhere to the fenestra 
rim osteogenetic closure of the fenestra was 
physiologically impeded. Therefore, I de 
liberately invaginated the portion of the flap 
facing the fenestra gap in order to encour 
March 18, 1957 
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age and facilitate its adhesion to the fenestra 
rim, thereby consistently preventing osteo 
genetic closure of the fenestra (Tig. 1). 
Thus, the incidence of osteogenetic closure 
in my use of the fenestra nov-ovalis pro 
cedure was reduced to less than 20. The 
final solution of this major problem was 
gratifying; a great stumbling block to suc 
cessful fenestration surgery had been over- 
come, 

There still remained, however, the other 
problem have mentioned which to 
be solved before the fenestration operation 
could reach the state of perfection necessary 
for obtaining maximum functional results 
with a minimum of operative after-effects. 
This was prevention of postoperative inflam 
matory reaction of the endolymphatic vestib 
ular and cochlear labyrinths. The solution 
to this postoperative problem was vital for 
two main reasons: first, because of the dis 
comfort to the patient from the prolonged 
severity of the vertigo which resulted from 
the 
and most important, because occasionally 


postoperative inflammation; — second, 
the serous labyrinthitis was severe enough 
to irreparably damage the cochlear nerve 
function which had existed preoperatively 
Otologists everywhere interested in’ the 
improvement and perfection of the fenestra 
tion operation were trying to determine the 
cause of the postoperative inflammatory re 
action of the endolymphatic labyrinth, always 
a postoperative occurrence, varying only 
in the degree of its severity, as judged by 
the postfenestration clinical picture. George 


Shambaugh, Jr.* suggested logically that 
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Skin graft 


Fig. 1—The prevention of osteogenesis is accomplished by invagination of the flexible. 
thin, untrimmed periosteum-lined portion of the flap nearest the tympanic membrane into 
the perilymph space sufficiently to contact the fenestra rim 


blood entering the perilymph space during = grees of postoperative labyrinthitis could be 


the fenestration operavion Can cause post produced Nevertheless, the question still to 


operative serous labyrinthitis of a greater be answered was “Will the avoidance of the 


or lesser degree, varying according to the — technical error of permitting blood to entet 


amount of blood entering the perilymph into or start within the perilymph space 


space. He proved, experimentally, in the prevent the onset of postoperative serous 


monkey, that by permitting quantitatively —labyrinthitis 


different amounts of blood to enter the open In my own research into the etiology of 
perilymph space of the fenestra in the ex- postoperative serous labyrinthitis | employed 
ternal semicircular canal several varied de the process of elimination in order to de 
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FENESTRA NOV-UVALIS TECHNIQUE 
termine whether bleeding into or within 
the perilymph space is the sole cause of the 
postoperative inflammatory reaction of the 
endolymphatic labyrinth after the perform 
ance of the fenestration operation. Careful 
observation of the sources of origin of free 
blood in the perilymph space led me to 
devise techniques for preventing both the 
bleeding into and the bleeding within this 
area. My observations and the steps in my 
procedure are as follows: 

1. Since failure to control all bleeding 
points within the exenterated mastoid cavity 
before opening the perilymph space of the 
newly created fenestra permits blood to en 
ter the perilymph space, | avoided opening 
the perilymph space until every one of the 
bleeding points within the exenterated mas 
toid cavity had been controlled with the 
polishing burr. 

2. Having observed that bleeding can be 
started within the perilymph space by injury 
to the perilymphatic trabeculae in attempts 
to retrieve and remove (by means of picks 
or irrigation) bone chips lost within the 
perilymph space, a common occurrence when 


Lempert 


employing the pulverization technique for 
creating the fenestra. ( big. 2), | developed 
the cupola technique for opening the peri 
lymph space.4 Instead of pulverizing the 
bony labyrinthine capsule and pushing the 
bone chips into the perilymph space, the 
intact bony cupola is lifted and removed in 
one piece, in a direction away from the 
perilymph space (Figs. 3, 4, and 5). By 
employing my cupola technique for opening 
the perilymph space the initiation of bleed 
ing within the perilymph space can be 
avoided. 

3. Because bleeding into the perilymph 
space can take place from the inner surface 
of the meatal portion of the tympanomeatal 
flap when the surgically trimmed and perios 
teum-freed portion thereof is used to cover 
and seal the newly created fenestra, | tail 
ored and placed the tympanomeatal flap so 
that | could always use the untrimmed, thin, 
periosteum-lined portion nearest the tym 
panic membrane to reach and cover’ the 
newly created fenestra, within the surgical 
close to the facial 


dome of the vestibule, 


nerve canal, 


Fig. 2.The pulveriza 
tion technique for creat 
ng the fenestra 
nov-ovalis makes the 
necessity tor irrigation im 
the presence ot the 
perilymph 
unavoidable 


opened space 
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Fig. 3.—Cupola tech 
nique, Step 1, bony cupola 
being incised, The cupola 
technique for creating the 
fenestra nov-ovails ren 
ders the use of irrigation 
in the presence of the 
opened perilymph space 
unnecessary 


Through these observations and modifica 
tions of technique I was able over the years 
to eliminate the possibility that blood might 
the cause postoperative laby 
rinthitis. With blood 
prevented from entering the perilymph space 
and was also prohibited from starting with 
this, 


become ol 


these measures was 


in the perilymph space. In spite of 
however, | was unable to prevent in any of 
my patients the onset postoperatively of the 
clinical picture suggestive of serous laby 


thus became obvious to me that, although 


rinthitis in various degrees of severity. 


it is true that bleeding into or within the 


perilymph space does cause postoperative 


labyrinthitis, it is also a fact that the most 
careful avoidance of blood entering into or 
starting within the perilymph space does 
not per se prevent postoperative onset of 
inflammatory reaction involving both the 
vestibular and the cochlear endolymphatic 
labyrinth, in varying degrees of severity. 


38 


A. M 


A, ARCHIVES OF OTOLARYNGOLOG) 


These observations led me to believe that 
blood within the perilymph space is not the 
only cause of postoperative labyrinthitis. 
Still another readily recognizable technical 
factor which could be held responsible for 
the postoperative inflammatory reaction of 
the membranous endolymphatic labyrinth 
had to be considered. This was the trauma 
sustained by the delicate membranous walls 
of the endolymphatic labyrinth in our at 
tempts to remove bone chips from the face 
of the membranous endolymphatic labyrinth 
with picks, after the use of the pulveriza 
tion technique for creating the fenestra noy 
ovalis. Here again, however, change of 
operative method, using the cupola tech 
nique, whereby the bony cupola is removed 
intact without the formation of bone chips, 
thus avoiding the necessity of traumatizing 
the endolymphatic labyrinth, did not of itself 
serve to prevent the postoperative occurrence 
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Fig. 4—-Cupola technique, Step 
of inflammatory reaction in the endolym 
phatic labyrinth. 

It became apparent then that neither the 
avoidance of bleeding into or within the 
perilymphatic space nor the avoidance of 
trauma of the endolymphatic labyrinth pre 
vented the occurrence of postoperative in 
flammatory reaction of the endolymphatic 
labyrinth in any of the fenestrated patients. 
be 


These two known factors which could 


held responsible were possible to avoid. If, 


Lempert 


2, bony cupola lifted and removed 


however, the constancy of the postoperative 
occurrence of serous labyrinthitis is to be 
still 
hitherto-unrecognized technical error, con 


explained, there must exist another, 
stantly being made in the performance of 
the fenestration operation, which always 
causes various degrees of inflammatory re 
action of the membranous labyrinth. 

It to that irrigation and 
suction with any one of the physiological 


occurred me 


solutions used to date, for whatever purpose 
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after having laid open the vestibular peri- 
lymph space, may be the one technical error 
always causing postoperative inflammation 
of the membranous endolymphatic labyrinth 
despite the careful avoidance of all the other 
technical errors which could cause it. 

The postoperative inflammatory reaction 
may be either a chemical phenomenon pro 
duced by irrigation or a mechanical one 
produced by the suction accompanying the 
irrigation. 


Fig. 5.-Cupola technique, Step 3, 
dust or bone chips to be removed 


A, 
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Irrigation in the region of the open peri- 
lymph space inevitably results in the re 
of the within the 


placement perilymph 


perilymph space with the fluid used for 


the 
fluid replacing the human perilymph may 


irrigation. The chemical difference of 
cause inflammatory reaction of the mem 
branous endolymphatic labyrinth. Since the 
chemistry of the human normal perilymph is 
still unknown, there is no way of telling 
whether or not any physiological solution 


open perilymph space, without the formation of bone 
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presently employed for irrigating the newly 
created fenestra region can effectively take 
the place of the natural perilymph which 
from the 
any 


irrigation and suction removes 
perilymph space. It is not known if 
of these solutions can be tolerated within 
the perilymph space for any length of time 
without causing inflammatory reaction of 
the 


labyrinth. 
tions heretofore suggested for replacing iso 


delicate membranous endolymphatic 


None of the physiological solu- 


tonic saline solution or Ringer’s solution for 
irrigating the perilymph space seemed to 
prevent the postoperative onset of inflamma 
tory reaction of the endolymphatic labyrinth 
in varying degrees of severity. 

The mechanical effect of the suction force 
upon the delicate membranous walls of the 
endolymphatic labyrinth cannot be dismissed 
without being suspected also as a_ possible 
cause of the postoperative inflammatory re 
action of the membranous endolymphatic 
labyrinth. 

Under the supposition that the effect of 
the the fluid 
used for irrigation and that of the human 


chemical difference between 
perilymph which has been replaced by it 
(within the perilymph space), as well as the 
mechanical effect of the suction force upon 
the membranous endolymphatic labyrinth, 
may be responsible for the postoperative in 
flammatory reaction of the endolymphatic 
labyrinth, I decided to conduct definitive 
tests. These tests would determine whether 
the constantly used irrigation and suction, 
with subsequent replacement of the peri 
lymph with any of the currently used solu 
tions which are different from perilymph 
chemically, can assuredly be held responsible 
for the constancy of postoperative serous 
labyrinthitis following fenestration surgery. 
the 
labyrinthitis | 


In addition to avoiding heretofore 


proven causes of serous 
would also have to avoid irrigation and suc 
tion altogether after opening the perilymph 
space, in series of cases, in order to observe 
whether or not the postoperative labyrinthi 
tis can thereby be consistently and consecu- 


tively prevented, 


Lempert 


The tests were carried out on a series of 
100 cases. 


ears deafened as a result of otosclerosis, in 


consecutively fenestrated LOO 


the presence of good hearing by bone con 
duction, alternating between irrigation and 
nonirrigation, so that 50 cases were irrigated 
and 50 were not. The two previously proven 
causes of postoperative inflammation were 
carefully prevented. Bleeding into or within 
the perilymph space was prevented in every 
the 100 cases. 
cupola technique rather than the pulveriza 
the 


one of By employing the 


tion technique for creating fenestra 
nov-ovalis there were no bone chips and no 
bone dust to remove from the perilymph 
space, and traumatization of the endolym 
phatic labyrinth was carefully avoided in all 
100 cases. 

The results appear conclusive. | observed 
that in the 50 cases where irrigation and sue 
tion was not used after opening the peri 
lymph space there was no clinical evidence 
of postoperative inflammatory reaction of 
the cochlear endo 

the 


showed 


either the vestibular or 
lymphatic labyrinth. Of 50 irrigated 


cases, however, all postoperative 
signs of labyrinthitis in various degrees of 

I have thus proved to my satis 
that 


having laid open the vestibular perilymph 


severity. 


faction Irrigation and suction, after 
space, is the constant cause of postoperative 


inflammatory reaction of endolymphatic 
labyrinth. 

To place a still further and severer test 
on the role played by irrigation in postoper 
ative labyrinthitis, | fenestrated three cases 
of fulminating otosclerosis in the presence 
of existing cochlear nerve function damage, 
as evidenced by the preoperative bone-con 
duction hearing loss. In all three of these 
| avoided irrigation and suction in the pres 
ence of the open perilymph space. To my 
surprise and great satisfaction there was no 
clinical evidence of postoperative inflamma 
tory reaction of the endolymphatic labyrinth 
in any of these three cases, and in every one 
of them a hearing improvement to the level 
of the preoperative bone-conduction hearing 


was obtained (ligs. 6, 7, and &). Formerly, 
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1024 2048 4096 8192 
0 0 0 0 
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100 


in cases of this type, the performance of 
the fenestration operation with the use of 
irrigation and suction after opening the peri 
lymph space was followed by a prolonged 
postoperative period of severe vertigo and 
a marked depression of air-conduction and 
bone-conduction hearing which failed to im- 
prove, as a rule. 

It thus became obvious that the fluid most 
physiologically suitable to surround the 
membranous labyrinth must be natural peri- 
lymph. It is apparent also that the best way 
to prevent postoperative inflammation of the 
endolymphatic labyrinth is to permit the 
labyrinth to continue bathing in Nature’s 
perilymph instead of in any other solution 
physiolog 


which cannot possibly be made 
ical” to the membranous endolymphatic laby 
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Figure 6 


rinth so long as the chemical composition of 
the human perilymph remains unknown. 
However, irrigation and suction after hay 
ing opened the vestibular perilymph space 
can be avoided only by technically perform 
ing the fenestration operation without creat 
ing the need for irrigation once the 
perilymph space of the vestibular labyrinth 
has been laid open. The necessity for the 
use of irrigation after having opened the 
vestibular perilymph space can be avoided 
only by (1) using irrigation prior to open 
ing the perilymph space for the removal of 
all bone dust and (2) employing the cupola 
technique instead of the pulverizing tech 
nique for opening the perilymph space. 
Postoperative inflammatory reaction of 
the vestibular and the cochlear endolymphat 


Vol. 66, July, 1957 


| | 
28 56 
5 5 5 5 5 5 5 
| 10 10 10 10 = 10 10 
is 1s 15 15 15 15 
20 20 20 20 20 20 20 
| 25 25 2s 25 25 25 25 
30 30 30 30 30 30 
4 b 40 40 40 
; 45 45 45 45 
D 50 50 50 50 
~60-" 60 60 “60 
65 65 
: 70 70 70 70 
75 75 75 75 
80 80 80 80 
| es 85 85 85 85 85 85 
‘ +] 90 90 90 90 90 90 90 
-] 95 95 95 95 95 95 95 
100 100 — = 100 100 100 
= 


FENESTRA NOV-OVALIS TLCHNIOQUE 


128 256 512 1024 2048 4096 8192 
Normal >| 9 0 0 0 0 0 0 
m 
> 5 5 5, 5 
10 10 10 10 10 10 10 
15 15 15 
20 20 20 
25 25 25 
Practical> 30 30 30 
2 35 35 35 
>» 2 x 
4 
40 40 
_ 45 45 45 
iam: 
| 55 55 55 
7D » | 60 60 % 60 60 60 60 60 
{6 4 § | 65 65 . 65 65 65 65 65 
929% 
@ > | 70 70 70 70 4270 
- 
» | 80 80 80 80 80 fe) 
85 85 BS B85 85 85 85 
’ 90 90 90 90 90 90 90 
ls 195 95 95 95 95 95 95 
$]100 100 100 100 100 100 100 
is 
Figure 7 


ic labyrinth can be continuously and con 
secutively prevented after the fenestration 
operation by employing the dry physiologi 
cally perfected fenestra noy-ovalis technique. 
This embraces the careful employment of the 
following technical precautions : 

1. Use general and local analgesia instead of 
general anesthesia, to lessen bleeding 

2. Immediately control every individual bleeding 
point encountered 

3. Trim and tailor the tympanomeatal flap so 
that it will fall into place naturally and hug snugly 
each elevation and depression of the sculptured 
bony inner table of the surgically 
mastoid process, without leaving any air space for 
possible accumulation of serum underneath 


exenterated 


4. Remove all bone dust with irrigation before 
opening the perilymph space of the newly created 


fenestra 


Lempert 


5. Do not open the perilymph space until an 


absolutely blood-free and bone-dust-free surgical 


field has been obtained 
6. Avoid 


bone 


the necessity for removing bone chips 


dust from within the perilymph space 


and 
with picks, which could result in 
trabeculae, Use 


injury to and 


bleeding from the perilymphatic 
the cupola technique instead of the pulverization 
technique for creating the fenestra nov-ovalis 

7. Remove the bony cupola intact, in one piece, 
for opening the perilymph space 

8. Completely avoid irrigation after opening the 
perilymph space 

9. Cover the fenestra region and seal the peri 
lymph space immediately after opening it with the 
periosteum-lined the tym- 


thinnest, portion ot 


panomeatal flap nearest to the tympanic portion 
thereof. Avoid using the periosteum-trimmed por 
tion of the flap for sealing the perilymph space of 


the fenestra nov-ovalis 
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10. Invaginate the portion of the flap facing the 
fenestra into the fenestra gap sufficiently to con 
tact and become adherent to the bony fenestra rim, 
in order to seal the perilymph space and prevent 
osteogenetic closure of the fenestra 
11. Pack 


finated mesh gauze to hold the flap firmly in the 


mastoid wound carefully with paraf 


position originally placed, in order to promote ad 
hesion of the flap to the bony inner table of the 


surgically exenterated mastoid process 


Summary 


The dry physiologically perfected fenestra 
the 
steps in the Lempert fenestra noy-ovalis 


nov-ovalis technique incorporates all 


technique, developed by me over the years, 
for permanently maintaining the improved 
It 


also embraces new means for deliberately 


hearing obtained with this operation. 


preventing serous labyrinthitis, the sequelae 


Figure 8 


which heretofore, in many cases, was re 


sponsible for failure to realize the full meas 


ure of improved hearing to which suitable 


patients were entitled, 


reaction of 


Postoperative inflammatory 


the vestibular and the cochlear membranous 
endolymphatic labyrinth following the fenes 


tra nov-ovalis operation can be consistently 


avoided with the use of the dry physiologi 


cally perfected fenestra nov-ovalis technique. 


Since the prevention of postoperative osteo 


genetic closure of the fenestra nov-ovalis 


had been previously conquered and time 
proven, the prevention of postoperative 
serous labyrinthitis, which has finally been 


conquered, results in removal of the final 
stumbling block to completely successful 


fenestration surgery. 
119 E. 74th St. (21) 
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Clinical experience has shown that the 
response to caloric stimulation may vary in 
the same person when the test is performed 
by different examiners, or even when the 
test 1s performed in the same manner by the 
same examiner on different days. The in 
terindividual variations in response to ca- 
This 


apparent inconsistency of response detracts 


loric tests are even more striking.’ 


greatly from the clinical usefulness of the 
caloric test. For this reason we set out to 
find factors that account for this variability 
of the caloric response, hoping that by a 
better understanding of these factors meth 
ods might be devised whereby caloric testing 
would produce more consistent results in 
practice, 

It is immediately apparent that certain 
anatomic differences exist between persons 
that could account for their failure to re 
spond to caloric stimulation in precisely the 
same manner. These include differences in 
the structure of the temporal bone and the 
thickness of the tympanic membrane. Such 
factors are difficult to assess and lie beyond 
the scope of this work. 

The objective criterion of the response to 
the 


caloric stimulation is the character of 


nystagmus produced by it. The measurable 
factors of caloric nystagmus are ordinarily 
considered to be its (1) latency, (2) ampli 
tude, (3) frequency, and (4) duration. It 
is most difficult to determine these factors 
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Visual and Other Factors Influencing Caloric 


Nystagmus in Normal Subjects 


JACK L. MAHONEY, M.D.; WILLIAM L. HARLAN, M.D., and REGINALD G. BICKFORD, M.B., Rochester, Minn. 


accurately by simple direct observation, and 
we feel that the inadequacy of this method 
accounts for much of the variation in evalu- 
ation of caloric tests in practice. As a num- 
ber of other investigators have also done, 
we have attempted to obviate this difficulty 
by graphically recording our results. Such 
graphic recording also permits us to de 
termine two further factors of the nystagmic 
response, namely, (1) amplitude stability 
(2) 


impossible to establish by means of direct 


and frequency stability, these being 
observation alone, 

The 
mechanism dependent not only upon the 
integrity of the vestibular end-organs but 
also upon that of the vestibular nerve, vestib- 


nystagmic response is a_ reflex 


ular nuclei, medial longitudinal fasciculus, 
and the third, fourth, and sixth cranial nerve 
nuclei and their nerves as well as the extra 
As with 
reflex mechanisms, we are not privileged to 


ocular muscles themselves. other 
study the caloric response in isolation, since 
it is subject to integrative neural influences 
arising from the cerebrum, cerebellum, and 

the 
influences we 


upper part of cervical cord. Among 
these neural 
likely that the state of visual fixation might 


play an important role in the nature of the 


considered it 


nystagmic response obtained by caloric 
stimulation, 

The state of visual fixation maintained by 
the patient during caloric testing varies with 
examiners, Some examiners decrease fixa- 
tion by putting glasses with 20+ lenses on 
the patient during the test. Other examiners 
have the patient fix on a point 30° cm. 
distant, while still other examiners employ 
no fixation at all. We considered it possible 


that these differences in technique might 


| 
we. 
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account for some of the variability of re- 
sponse obtained from caloric tests. In addi- 
tion to evaluating the role of visual fixation, 
we attempted to determine the influence of 
other cerebral factors (concentration and 
diversion) on caloric nystagmus. 


Technique of Recording Caloric 
Nystagmus 

The eye is a charged body, the cornea 
being electropositive with respect to the 
retina. Thus, when electrodes are placed on 
either side of the eye any movement of the 
eye in the plane of the electrodes will 
register a potential difference across them. 
The electrode approached by the cornea 
becomes positive with respect to the other.* 
This small potential (about 2 to 10pv. for 
each degree of movement) can be amplified 
and recorded by means of a penwriter, thus 
producing a permanent record of the activity 
of the eye in a given time. A number of 
workers ** have utilized this technique suc- 
cessfully for recording eye movements. 


Fig. 1—Electrode arrangement employed in 
these studies. Solder disks are fastened about the 
eyes with collodion and filled with electrode jelly 
With the eyes looking straight ahead, electrodes 
are located on a vertical line bisecting the pupil 
and equidistant from it. Electrodes are also placed 
at the inner and outer canthi of each eye. A 
standard interelectrode distance of 4 em. for the 
vertically oriented electrode pairs and 6 cm. for 
the horizontally oriented electrode pairs was main 
tained, 
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Photographic and photoelectric techniques 
have also been devised. 

We chose the electric method for record- 
ing eye movements in these experiments be- 
cause it allowed relative freedom of move 
subject and because 
whereby eye 


ment for the 
it is the only method 
movements can be recorded when the eyes 
are closed. Because of its availability, we 
employed a standard Grass electroencephalo- 
graph model 3B for our recordings. Our 
method most nearly approximates that used 
by Bergman and associates.* Solder disks 
were fastened about the eyes by means of 
collodion and filled with electrode paste, in 
the same manner that electrodes are applied 
in electroencephalography. Electrodes were 
placed at the outer and inner canthi of each 
eye and above and below the eyes on a 
vertical line bisecting the pupil, with the 
eyes looking straight ahead. A_ standard 
interelectrode distance of 6 cm. for the 
horizontal lead and 4 cm. for the vertical 
lead was maintained. This was found to be 
a fairly close eye lead for most subjects. 
The left and right vertical electrode pairs 
were recorded on channels | and 2 of the 
electroencephalograph, and the left and right 
horizontal pairs were recorded on channels 
3 and 4. Figure 1 illustrates the electrode 
arrangement. 

We were thus able to record not only the 
relative amplitude of the excursion of the 
eyes but also the direction in which they 
moved, since each direction of movement 
produced waves of a different phase re 
lationship. 

Since the potential produced by a given 
number of degrees of rotation of the eyes 
varies greatly from one subject to another, 
it was necessary to determine this potential 
for eye movements of a known number of 
degrees in each subject individually. This 
was accomplished by having the subject 
look from one point of light to another, 
these lights being fixed on a board at 
known distances apart, and recording the 
waves so produced by means of the elec- 
The angle of rotation 
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troencephalograph 


abe 

4) 


A 


of the eyes thus became a tangent function 
of the of the 


the subject and the distance between the 


distance light board from 


two points of light on the board. From 
these data 
potential produced by an ocular rotation of 


we were able to determine the 
known amplitude and could derive the po 
tential in microyolts produced by each degree 
of ocular movement. 
It should be 
used in electroencephalographic equipment 


noted that the amplifiers 


are capacitance-coupled and therefore do not 
When a steady 
potential is applied across the inputs of the 
EG, the deflected the 
potential difference, then falls slowly back 


record steady potentials. 


pen is to record 
to the base line at a rate dependent upon 
the time constant of the amplifier system. 
For this reason our records show movement 
of the eyes only, and not the position in 
which the eyes are held. The velocity of 
eye movement is such, however, as to fall 
well the of EEG 
equipment, so that there is no significant 


within time constant 


distortion of the wave forms produced by 
nystagmus as a result of this factor. 


Method 


Upon completion of the measurements of the 
eye movements in degrees and microvolts, the sub- 


ject was seated in a reclining chair and the 


head tilted backward so that a line from the ex- 
ternal ear canal to the outer canthus of the eye 
was in a vertically inclined plane of 60 degrees, 
as described by Hofer to be the optimal position 
for eliciting caloric nystagmus from. stimulating 
the canal. The subject's 


horizontal semicircular 


maintained in a constant 


the 


head was position, 


equidistant from shoulders, throughout the 


proc edures 


Five caloric tests were performed on the left 


ear of each subject using a modification* of 


Kobrak’s® minimal caloric test introducing 5 cc, 
at 40 F into the ear 
injected into the left external auditory canal over 


of ice water The water was 
at least 5 minutes being 


This 


seems adequate, since Lorente de N6° and others * 


a period of 10 seconds, 


allowed to elapse between tests. interval 


carried out continuous labyrinthine caloric stimula 


tion in animals over a period of hours on succes- 


* Mayo Clinic modification of Kobrak’s minimal 


caloric test 
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sive days without observing any diminution 


response 
All 


ages of 21 and 35 years, in good generai physical 


subjects used were persons between 


and free of any history of dis 


the 


subjects 


condition, past 


orders of or vestibular systems 


The 
evidence 
malities of the external auditory canal or tympani 


ears, eyes, 


were examined prior to tests for 


of spontaneous nystagmus and abnor 


membrane. Eighteen subjects were studied 

tests were performed under the follow 
30 cm. (the 
subject was asked to fix on the end of a ,encil 
held 30 cm. from the eyes); (2) gazing at infinity 
(the subject looked down an empty corridor at a 
blank wall more than 50 ft. away); (3) wearing 
(the 


lenses 


Caloric 


ing conditions: (1) with fixation at 


the 


subject wore a 


illuminated 


glasses 
15+ 


pair 
from 


Frenzel * 
goggles 
back so that nothing was visible through them) ; 
(4) with eyes open, but in dark (Ace bandages 


with 


applied over the Frenzel glasses so as to exclude 
all light), and (5) with eyes closed (the subject 
was asked to close the eyes lightly, as in sleep) 

At intervals during the reaction following calori 
stimulation, the subjects were occasionally asked 
to close their eyes for brief periods and were 
given simple arithmetic and spelling problems, or 
were alerted by stimuli such as unexpected sounds, 
a pinch, or a blast of compressed air on an ex 
posed part of the body. 


Results 


The Table gives the average amplitude, 
frequency, and duration of caloric nystagmus 
under the conditions of tixation 7 eviously 
mentioned among 18 subjects. 

The duration of nystagmus was measured 
from the first detectable nystagmic deflec- 
tion to the last observable nystagmic wave. 


In nearly all instances the beginning and 


the end-point of the nystagmic response 
were readily apparent. It is interesting to 
note that often small electrically recorded 


Average Amplitude, Frequency, and Duration of 
Caloric Nystagmus Recorded in Protocol 


Duration 
(seconds) 


Amplitude Frequency 
(degrees) (seconds) 


3.1 
2.3 


2.2 


Fixation at 30 cm. 3.3 
(18 subjects) 

Eyes gazing into infinity 
(14 subjects) 

Frenzel glasses 
(16 subjects) 

Eyes open in dark 
(16 subjects) 

Eyes closed 
(18 subjects) 


6.0 
12.0 
2.2 

19 
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Fig. 2.—Variations in amplitude and 


influence of visual fixation in a normal subject 
influence is 


in rate of caloric nystagmus as visual 


NYSTAGMUS 


GAZING INTO INFINITY 


KOA 


EVES 


frequency of 


Caloric Stimulation Left Labyrinth 
With 5 cc, Ice Water 


WEARING 
FRENZEL GLASSES 


KDA 


NAN 


CLOSED 


DEGREES DEFLECTION 


RIGHT 
LEFT 


sec. 
caloric nystagmus with changing 
Note the increase in amplitude and decrease 
removed. The patterns illustrated are 


quite constant, Occurring continuously in the record so long as the conditions of fixation are 


maintained 


nystagmic waves appeared on the record 
before the nystagmus was clinically detec 
table. 
The 


caloric nystagmus are expressed as a mean 


amplitude and frequency of the 
average of the amplitude and frequency of 
the nystagmic excursions during the period 
of maximal amplitude response. This period 
was measured from the first point of maxi 
mal response to the first detectable decrease 
in maximal amplitude. 

As illustrated in the Table, there is an 
inverse relationship between the amplitude 
and the frequency of the nystagmus. The 
amplitude increases and the frequency de 
creases progressively with increasing inter- 
ference with fixation. There is also a 
moderate, parallel increase in the duration 
of nystagmus with decrease in the fixation 
factor. 


Figure 2 illustrates the characteristics of 


nystagmus under different conditions of 
fixation as they appeared in the records. 
During fixation the nystagmus is fine, rapid, 
and regular. It has good frequency and 
amplitude stability. The waves produced 
are of saw-tooth contour, having defim 


quick and slow components. 
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With the subject’s gaze at intinity” the 
nystagmus remains rather fine and rapid, 
but there is some loss of amplitude and 
frequen y stability 


the 


glasses or has the eyes open in the dark, the 


subject is wearing Irenzel 
type of nystagmus seen is roughly com 
The 
the 


parable under these two conditions 


frequency is further decreased and 
amplitude greatly increased. There is poor 
amplitude and frequency stability. There is 
a slight increase in the duration of the quick 
component. 


With eye 


frequency and 


closure, further slowing of 


increase in amplitude of 
nystagmus occur. Irequency and amplitude 
stability is very poor. In 10 of the 18 sub 
jects nystagmus during eye closure was 
intermittent, occurring in brief bursts, last 
ing 4 to 10 seconds, between which were 
short periods of inhibition. 

In a few instances nystagmus failed to 
appear during eye closure until activated by 
alerting the subject in some way, and well 
developed nystagmus during eye opening was 
often completely inhibited by eye closure. 

Figures 3 and 4 illustrate some of the 
effects of eye closure, mental activity, and 


alerting stimuli on caloric nystagmus. 


49 


| 
Ny 
0.D. 
Ag 
: 
or 
= 


A. M. A. ARCHIVES OF OTOLARYNGOLOGY 


Caloric Stimulation Left Labyrinth 
With 5 cc. Ice Water 
Fig. 3.—Effect of eye 
closure and alerting on 
caloric nystagmus. In the 
EYES CLOSED upper recording, a tuning 


alerting reaction, depres 


0.0.ArNy DDN DAN mus when the eyes are 

closed. In the middle re 

cording, nystagmus, 

Clep which is absent with the 

0.0. / eyes closed, appears for 
re a brief burst following 
HORIZONTAL , an alerting reaction pro 
0.0. IVAN duced by clapping the 
hands. In the lower re- 

EYES OPEN ‘ EYES CLOSED cording is shown the 


0.5, 
VERTICAL 


caloric nystagmus with 
0.84 IN the eyes open compared 
with nystagmus with the 

eyes closed 


HORIZONTAL 


(sec. 


J J 


VOWNAARL 1°10 OLGREES DEFLECTION 


it, (f } Caloric Stimulation Left Labyrinth 
a af With 5 cc. Ice Water 


EYES OPEN EYES CLOSED 
vertican Arithmetic Problem ~ Arithmetic Problem 

0.0. 1 / 


\ 


\ 


V 
HORIZONTAL 
0.0. \ fy 


EYES OPEN IN DARK 


70.8 
VERTICAL 


Arithmetic Problem 


HORIZONTAL < 


EYES CLOSED 


yo S. 
VERTICAL Nystogmus 


0.0 
Disappears Arithmetic Problem 


HORIZONTAL < 
0.0. 


uPwaARO 
1ZONT AL €aos 
VERTICAL LEADS wong Lert I +10 DEGREES DEFLECTION 


Fig. 4.-Effect of eye fixation and calculation on caloric nystagmus. The upper record 
ing shows how nystagmus disappears with eye closure and reappears with calculation for 
a brief burst, disappears, and again reappears with further calculation; changes in the aipha 
rhythm with the eyes open and closed are recorded below. The middle recording shows the 
change that occurs with calculation when the eves open in the dark. In the lower recording 
note how nystagmus disappears with the eves closed and reappears for a brief burst with 
calculation and again disappears 
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Comment 


Three known central nervous mechanisms 
are involved in the voluntary and_ reflex 
control of eye movements. They are (1) 
the voluntary motor system; (2) the oc 
cipital reflex, or following, system, and (3) 
the vestibulocerebellar, or proprioceptive, 
system. These are paired systems, left and 
right, and each functions in such a way 
that its influence can be thought of as push- 
ing the eyes toward the opposite side. Volun- 
tary eye movements are under control of 
cells located in the posterior portion of the 
second frontal convolution.® The supraseg 
mental pathway passes through the anterior 
limb of the internal capsule near the genu 
and continues with other corticobulbar fibers 
into the pons, where some of the fibers pass 
with the medial lemniscus of the same side.® 


The fibers cross over to the third and 
sixth cranial nerve nuclei of the opposite 
side near their respective levels. Whether 


or not fibers to the fourth nucleus cross is 
unknown. Unilateral cortical and subcortical 
lesions involving this pathway produce a 
temporary conjugate deviation of the eyes 
to the side of the lesion.” 

The more primitive suprasegmental re 
flex mechanisms controlling the eyes are a 
function of the occipital cortex.!° These in- 
clude following movements, fixation and 
refixation, and the visual blink reflex. Elec 
tric stimulation of the peristriate area pro 
duces conjugate deviation of the eyes to 


the opposite side. The fixation-refixation 
pathway is probably by way of the optic 
nerve and tract to the lateral geniculate 


body and from there to the calearine cortex, 
then to the peristriate area, from which fibers 
pass to the third and sixth cranial nerves 
of the eye on the opposite side by way of 
the 
cotectal) tract. Lesions involving these path 


occipilomesencephalic (internal corti 
ways may cause the eye to oscillate about 
the fixation point and to wander aimlessly, 
as is seen in some totally blind eyes.’? 

The labyrinths exert an influence on eye 
movements by way of the vestibular nuclei 


and the medial longitudinal fasciculi to the 
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third, fourth, and sixth cranial nerve nuclei. 
There is also an indirect influence from the 
flocculonodular lobe and the anterior lobe 
of the cerebellum. The cerebellum and basal 
ganglia exert influences on the extraocular 
muscles much the same way as they do on 
other museles of the body. If one labyrinth 
is destroyed, a slow tonic movement of the 
eyes to the same side is temporarily pro 
duced owing to the unopposed action of the 
other labyrinth. If the cerebral hemisphere 
of the side of the lesion is intact, a quick 
compensatory movement in the opposite 
direction occurs and thus a nystagmus is 
produced. 

It is thought that nystagmus, like its sub 
jective counterpart, vertigo, results when the 
above-mentioned mechanisms receive and 
transmit conflicting information which can 
not be fully integrated by the nervous sys 
tem. Thus, when the balance of labyrinthine 
control is altered by injection of cold water 
into one ear, a slow tonic movement of the 
eyes to the same side is produced. The op- 
posite cerebral hemisphere, acting to main- 
tain the eyes in the primary position of 
gaze, causes a quick movement of the eye 
in the opposite direction and thus a nystag- 
mus is produced, This cerebral component 
of labyrinthine nystagmus has been con- 
sidered a function of the voluntary motor 
system. Our evidence, however, suggests 
that it results from a compounding of in- 
fluences involving the voluntary frontal 
mechanism, reflex following (the occipital 
and 


mechanism ), perhaps other cerebral 


influences not yet well understood which 


have to do with orientation of the eyes. 
Thus, when fixation is fully developed dur 
ing caloric testing, we get a nystagmus 
of the highest frequency and the greatest 
degree of amplitude and frequency stability. 
progressively 
the 


open in 


As fixation and vision are 


reduced, as when the subject wears 


I'renzel glasses or has the eyes 
darkness, we get a nystagmus of slow fre 
quency, and less frequency and amplitude 


stability. With eye closure additional cere 


bral influences seem to come into action, for 
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under this circumstance caloric nystagmus 
is further slowed in frequency or 1s even 
It that eye 


closure the eyes may no longer remain in 


abolished. would appear with 
the primary position because the extraocular 
motor nuclei are then under the influence of 
stimuli from brain-stem nuclei, chiefly vestib- 
ular, and are uncontrolled by cortical-in 
hibiting influences. With alerting or mental 
activity, even when the eyes are closed, it 
would appear that this tendency of the eyes 
to maintain themselves in the primary posi 


able 


demonstrate fairly consistently the appear 


tion returns, since we have been to 
ance of bursts of nystagmus during periods 
of alerting or problem solving. 

that 
eye-centering mechanisms of the cerebral 


hold check 


during eye closure only so long as_ the 


An alternate explanation would be 


cortex in caloric nystagmus 


attention of the person can be entirely 


directed toward this end. Any diverting 
influence, such as mental activity or sudden 
unexpected stimuli, interferes with this 


function of the cortex. 

The alteration of the status of the central 
nervous system that takes place upon eye 
closure is not well understood. That change 
does oceur is certain, however, as evidenced 
by the frequency with which alpha activity 
appears in the electroencephalogram with 
eye 
nystagmus 


It is imteresting that caloric 
be facilitated 
important factors that rather consistently 


closure, 
should by two 
inhibit the alpha rhythm, that is, eye open 
ing 
which mental activity and alerting stimuli 


and alerting. The consistency with 
were observed to facilitate caloric nystagmus 
during eye closure appears to bear out and 
still further establish the assumption made 


by Mowrer "! and by Fischer and Wolfson !” 


that tension factors might influence the 
caloric response. Spiegel and Aronson 7 had 
previously observed the appearance of 


nystagmoid movements in successive bursts 
or groups intermixed with complete absence 
of nystagmus following caloric stimulation 
during eye closure. They suggested that 
these fluctuations may be due to fluctuations 
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in the excitability of the reflex arc itself. 
Our findings corroborate theirs and would 
seem to support this thesis. 

The foregoing observations have demon 
strated that electrographic recording allows 
for considerable increase in the sensitivity 
and accuracy of caloric testing as compared 
with presently employed visual methods. 
The application of such a technique i» 
further research studies of diseases of the 
labyrinth, vestibular nerve, and vestibulo 
cerebellar pathways might yield information 
useful to the clinician in the diagnosis of 
these diseases. For this purpose a simplified 
electrode array that could be rapidly applied 
for graphic recordings of caloric nystagmus 
might ultimately increase the accuracy and 
in 


extend the usefulness of the caloric test 


pract ice, 


Summary 


The caloric responses of 18 normal sub 
jects were recorded electrographically. Ob 
servations were made regarding the effect 
of (1) fixation, (2) vision, (3) eye closure, 
and (4) alerting and mental activity on 
caloric nystagmus. As the influence of fixa 
tion was removed, there was a decrease of 
the rate and an increase of the amplitude 
of Parallel this 
change a decrease in frequency and ampli 


caloric nystagmus. with 
tude stability occurred. The average dura 
tion of the nystagmus was also moderately 
increased with decrease in the fixation fac 


tor. 
Kye closure increases the foregoing 
changes. Under this condition caloric 


nystagmus is often completely inhibited or 
is present only intermittently, appearing in 
brief bursts. 

Mental 
elicited a brief burst of nystagmus when 


activity or alerting frequently 
the nystagmus had been inhibited by eye 
closure. It is possible that alerting increases 
the tendency of the eyes to orient themselves 
in the primary position during eye closure 
or that alerting interferes with cerebral in- 
hibition of nystagmus. We have pointed out 
the inverse relationship of these bursts of 
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nystagmus to the alpha rhythm in_ the 
electroencephalogram. This finding sug- 
gests that cerebral factors play an important 
role in caloric nystagmus and supports the 
suggestion of others that the caloric re- 
sponse may vary with the patient's state of 


alertness. 
Mayo 
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A Study of One Hundred Cases of Neck Dissection 


G. OBREGON, M.D., lowa City 


The term “prophylactic” neck dissection 
is used to define an operation performed in 
the absence of clinically demonstrable 
cervical metastases. This is in contradistinc- 
tion to a “curative” (radical) neck dissec- 
tion in which there is demonstrable 
lymphadenopathy, presumably metastatic. 

The use of “prophylactic’’ has been ob 
jected to by some,’ and they propose the 
term “dissection for probable small metas- 
tases.” However, by common usage “pro 
phylactic” is generally accepted. 

There is almost universal agreement that 
a radical neck dissection is indicated for the 
patient with a curable primary malignancy 
of the neck 
metastases. However, the opinion is divided 


head and with cervical 
as to the advisability of a neck dissection 
in the absence of demonstrable lymphadenop 
schools of 

The first 


advocates routine prophylactic neck dissec 


athy. There are three main 


thought relative to this subject. 


tion, the second believes that such a pro- 
cedure is never indicated, while the third 
prefers prophylactic neck dissection in 
selected cases. 

Those who recommend a routine pro 
phylactic neck dissection believe that 
intraoral cancer should have the same man- 
agement as cancer in other areas, such as 
the breast and rectum. They state that the 
cure rate in these latter locations increased 
when it became the routine policy to excise 
the regional nodes whether clinically en 
larged or not. They also condemn the “wait 
and-see” method because of the rapidity with 
which neck metastases sometimes develop, 
the reluctance of some patients to submit 
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themselves to another operation after the 
primary lesion has been controlled, and 
because of many patients’ failure to keep 
in contact with the physician for repeated 
observation. 

The group which opposes any prophy- 
neck 6-14 that its 
routine use is illogical and unacceptable be 


lactic dissection believes 
cause it leads to a great deal of unnecessary 
surgery. They claim that 15 out of 16 such 
operations are useless in cases of carcinoma 
of the lip and 4 out of 5 are useless in cases 
of carcinoma of the tongue. They also be 
lieve that a policy of routine prophylactic 
neck dissection does not affect to any ap 
preciable degree the over-all cure rates. 
Furthermore, they think that a prophylactic 
operation gives a false sense of security to 
One author '? found a 10% 
lymph node recurrence after 247 prophylac 


the surgeon. 


tic neck dissections. This group has care 
fully studied the problem in relation to 
cancer of the lip and tongue and believes 
that such a rationale also applies in other 
forms of oral, pharyngeal, and laryngeal 
carcinoma, 

The third group, to which we belong, 
believes as stated in a previous communica 
tion '® that the cannot be 
given constant rules in regard to protective 


young surgeon 
neck dissections. We can only retire with 
little grace behind those two old excuses 
“experience” and “judgment.” Two theoreti 
cal cases may help to clarify our opinions in 
relation to this problem. We would ot do 
a prophylactic neck dissection in the case 
of an 80-year-old man presenting a fungat 
ing, 5 mm., slowly enlarging lesion of his 
lower lip without palpable nodes if the 
primary neoplasm proved to be well dif- 


ferentiated and noninvasive on microscopic 
examination and if the patient could be 


wy 
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examined for metastases at frequent inter- 
vals. However, if a 30-year-old man pre- 
sented himself with a rapidly growing 
primary lesion of similar size, we would 
strongly recommend bilateral prophylactic 
neck dissection, especially if the carcinoma 
proved invasive and not well differentiated 
on microscopic examination. We would not 
advise merely a suprahyoid procedure but 
would advocate a bilateral supraomohyoid 
dissection. When intraoral lesions are en- 
countered, especially of the tongue or floor 
of the mouth, our leanings toward pro- 
phylactic neck dissection become more pro- 
nounced. 

Among laryngologists a great deal has 
been written in relation to the advisability 
of a prophylactic neck dissection in car- 
the 
reported that neck metastases appeared in 
30% of the patients who had laryngectomy 
without clinical evidence of cervical adenop 


cinoma of larynx.'**! It has been 


athy at the time of the examination or 
operation.'**! Because of this, one author 
has advised a prophylactic neck dissection in 
every laryngectomized patient. However, 
the with 
agree,!**! is that the prophylactic neck dis- 


section should be reserved for patients whose 


general consensus, which we 


TasLe 1.—Location of Primary Lesion 


Group I 


Larynx 
Gingiva._. 
Tongue. ..... 
Floor of mouth... 
Tonsil... 
Buccal mucosa. 
Face 
Nasopharynx 
ft palate 
Lower lip 
Undeterminate 


Total 


Group IT 


Lip 

Ksophagus 
Thyroid 

Face 

Parotid 

Buccal mucoss 
Submaxillary gland 
Eye. 
Branchiogenic 
Primary of neck 
Primary unknown 


Total 


Obregon 


TABLE 2.—Sex 


Group I 


Group II 


Female. 


laryngeal carcinoma is located in the 
aryepiglottic fold, ventricle, epiglottis, and 
subglottic region. In some cases we recom- 
mend a prophylactic unilateral or bilateral 
neck dissection, depending upon the location 
of the lesion. We feel that a prophylactic 
neck dissection need not be done in patients 
in whom the carcinoma is entirely confined 
to the true vocal cord. 

In the previously mentioned article ™ we 
expressed our clinical impressions. How 
ever, no specific clinical data were given in 
that communication, so we studied 100 cases 
of neck dissections in order to reexamine 
our opinion. Of these 100 patients, 50 had a 
radical neck dissection performed either by 
one of us or under our supervision. The 
other 50 patients were operated upon in 
our institution by another department where 
routine prophylactic neck dissection is 
favored. Thirty-five of these patients had a 
bilateral supraomohyoid neck dissection. 

The group composed of 50 cases of 
neck 


designated Group I, and the group in which 


therapeutic radical dissections was 
the majority of the dissections were done as 
prophylaxis was designated Group Il. When 
comparing these two groups the following 
observations were made: In relation to the 
primary site of the lesion it was found in 
Group I that the larynx, gingiva, tongue, 
and floor of the mouth accounted for 66% 
of the cases, while in Group Il the primary 
lesion was located in the lip in 64% of the 
cases (Table 1). 
In relation to 


sex both 


groups presented identical figures; 90% of 


distribution, 


the cases were seen among males and 10% 
among females (Table 2). 


- 
No 
% 
a 
No. % 
Male....... 45 90 
No. 
% 
22 
10 20 
7 14 
10 
5 10 
3 6 
3 6 
2 
2 
No. % 
64 
6 
6 
4 
4 
2 
2 
2 
‘ 
its 2 
SS 


3.—Age Incidence 


Group I 


A. M. A. ARCHIVES OF 
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TABLE 4.—Pathology of the Primary Lesion 


3rd decade 


4th decade... . 10 2 
5th decade...... 6 12 
6th decade... 2 40 

12 


7th decade .. 
Sth decade 


Group II 


lst decade 

2nd decade 1 2 

4rd decade. 1 2 

4th decade 

5th decade 6 12 

6th decade 19 3s 
17 34 


7th decade 
Sth decade 


The study of the age at time of operation 
disclosed that in Group I 64% of the 
patients were in their sixth and seventh 
decades, while these age groups accounted 
for 72% of the cases in Group II (Table 3). 

A review of the pathology of the primary 
lesion showed that epidermoid carcinoma 
accounted for 96% of the cases in Group I 
and 76% in Group II (Table 4). 

The investigation was also directed toward 
the pathology of the metastases, and it was 
fouad that 94% of the cases in Group I 
were epidermoid carcinoma, while only 46% 
of the cases presented this type of lesion 
in Group II (Table 5). 

The incidence of microscopically positive 
nodes was 96% in Group I, while only 66% 


of Group IT had microscopically positive 


Adenocarcinoma 


Group II 


Epidermoid carcinoma 


Grade 1 4 
Grade 2 40 
Grade 3 ) 10 
Grade 4 2 
Intermediate cn 2 
Adenocarcinoma 12 
Melanoma 2 4 


Fibrosarcoma 


nodes (Table 6). 
Taste 5.—Pathology of Cervical Metastases 
Group I 

No % 

Epidermoid carcinoma (47) (94) 
Cirade 1 0 0 
Cirade 2 31 62 
Grade 3 10 20 
Grade 4 6 12 
2 


Epidermoid carcinom (48) 96) 
rade 1....... 2 
Grade 
Grade 3 9 ls 
Grade 4 4 8 
1 


Intermediate ca.._.... 4 
12 


The five-year survival rate in Group | 
was 30%, while in Group II it was 31% 
(Table 7). 

An evaluation of the results of our neck 
dissections, in spite of the small number of 
cases studied, signifies to us that cure rates 
are not appreciably increased by use of 
rigidly routine prophylactic procedures. 
Reservation of the operation for selected 
cases eliminates a large number of unneces 


sary operations and the occasional sequelae 
and complications that are inherent to any 
surgical intervention. 


Summary 


The rationale of the three main schools 


of thought relative to the problem of pro 
phylactic neck dissection is presented. 


The results in 100 cases of neck dissee 


tion are analyzed. 
In our opinion, prophylactic neck dissec 


tion should be advised in specific cases but 


neither advocated as a routine procedure 


nor condemned as a useless operation. 


Incidence of Microscopically Positive 
Cervical Nodes 


TABLE 6. 


Group I 


Incidence of microscopically positive nodes 6 
Incidence of microscopically negative nodes 2 ‘ 


Group II 


Incidence of microscopically positive nodes 33 6 
Incidence of microscopically negative nodes, 

of which 15 were cases of carcinoma of the 

lip 17 34 
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Zz Group I 
Sz No. % No. % 
| 
1 2 
Group II 
No. % 

Epidermoid carcinoma. (38) (76) 

Grade 3......... 9 18 

4 Fibrosarcoma l 2 

~ 
No % No. % 
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TABLE 7.—Five-Year End-Results 


Group I No. % 
Indeterminate cases 
During 5-yr. follow-un, patients died of 
causes not related to carcinoma, primary 
Was not controlled, or nodes were negative 10 20 
Determinate cases 
Total No. of cases (40 


Alive 12 30 
Dead__... 28 70 
Group II No % 


€ 
Indeterminate cases 
During 5-yr. follow-up, patients died of 
causes not related to carcinoma, primary 
was not controlled, or nodes were negative 
this includes 17 cases with negative 
nodes 21 42 
Determinate cases 
Total No. of cases (29) 
Alive and well : 9 31 
20 “9 


A routine policy of prophylactic neck dis- 
section did not increase the five-year sur- 
vival rate in our series. 

A great deal of unnecessary surgery is 
performed whenever a rigid routine or 
prophylactic neck dissection is followed. 


Department of Otolaryngology, State University 
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Facial Rehabilitation Following Radical 


Parotid-Gland Surgery 


JOHN J. CONLEY, M.D., New York 


Two great deterrents have hindered the 
management of tumors of the 
parotid gland. The first lack 
of accurately coordinating knowledge con 


successful 
has been a 


cerning the microscopic classification of 
parotid tumors, their biology, management, 
and prognosis. Recent publications have 
helped to clarify this deficiency.! The second 
deterrent has been fear of injury to the 
inadequate 


facial and the use of 


methods of rehabilitation of the paralyzed 


nerve 


face. A more vigorous approach to this lat 
ter problem has proved advantageous to the 
management of these tumors and helpful 
to the patient.* 

The vast majority of tumors of the parot- 
id gland can be cured without permanent 
This 


all the benign tumors and cysts, which com- 


injury to the facial nerve. includes 
prise approximately 70% of the tumefac- 
gland. Of the remaining 
one-third, which are malignant tumors, the 


tions this 
nerve need not be permanently damaged in 
-15% 


15%-20% of the patients where the facial 


of the cases. This, then, leaves 
nerve may be totally or partially resected 
and rehabilitation of some degree is in 
dicated. 

Only rarely is the facial nerve cut in the 
extirpation of benign tumors, of which 
approximately 60% are benign mixed tu- 
mors. This single fact establishes the basis 
and technique of treatment. If the benign 


tumor (or cyst) is small and limited to the 
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lateral lobe, a partial lateral lobectomy 1s 
done, ordinarily without fear of injury to 
the nerve, and usually without the aid of 
faradic testing. If the benign tumor (or 
cyst) is large and occupies the maj! r por 
the total 
lobectomy is done along with identification 


tion of lateral lobe, a 
and faradic testing of the facial nerve. If 
the benign tumor (or cyst) originates in the 
isthmus or medial lobe, a total parotidectomy 
is performed with identification and testing 
of the facial nerve, and careful dissection. 
In this latter instance, there is a temporary 
weakness of the facial muscles for several 
weeks to several months, due to trauma, 
stretching, and dissection along the nerve. 
When only a lateral or partial lobectomy is 
performed, there is usually no facial-nerve 
weakness. Occasionally a benign tumor wi!. 
become so large and so enmesh the nerve 
in its growth that total removal without 
temporary paresis is impossible. Under 
these circumstances the tumor is cut to free 
the nerve filaments as the dissection pro 
gresses. 

The use of faradic stimulation as a method 
of identification and testing of the facial 
nerve has recognizable limitations. Although 
this testing has considerable value, in that 
the vast majority of nerves do respond to 
its direct application, thus affording valu 
able information, some nerves do not re 
spond. In this latter circumstance great 
care must be exercised not to accept the 
lack of response as evidence that the struc- 
ture tested is not a nerve and that it is 
safe to cut it. 
nerve, it should not be comprised on the 
basis of a negative test, but should be pre- 


served until further evidence reveals itself 


If a structure resembles a 


5 
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in the dissection. ‘Two factors seem to ex 
plain this phenomenon. Certain anatomical 
“blind spots” exist in normal nerves, and 
minimal 


that 


these areas do not respond to 


faradic stimulation. In nerves have 
been stretched or traumatized, there is the 
element of edema and nerve fatigue in pre 
venting a response, 

Not all malignant tumors of the parotid 
gland require resection of the facial nerve. 
The acinous-cell adenocarcinoma and low 
grade mucoepidermoid carcinoma are totally 
resected with ihe entire parotid gland with 
salvage of the nerve trunk intact, unless it is 
specifically invaded by the tumor. This pro 


cedure is deemed warranted in view of the 


low mortality rates of these tumors (15% 


and 10%, respectively). Small, highly ma 
the 


carcinoma, 


ligna’’ tumors of adenocarcinoma, 


squanious-cell mucoepidermoid 


carcinoma, and malignant mixed tumor 


types, limited to the lateral lobe and not 
involving the facial nerve, are treated by 


Conley 


PAROTID-GLAND 


SURGER) 


block dissection of the neck and total parot- 
idectomy, without permanent injury to the 
nerve. If these highly malignant tumors 
occupy the major portion of the lateral lobe 
or if they originate in the middle lobe or 
isthmus, it is usually impossible and unwise, 
because of their high mortality rate (60% 
80% ), to attempt to salvage the facial 
nerve. These patients demand active facial 
rehabilitation. 

A classification of the highly malignant 
tumors is as follows 

1. Malignant mixed tumor. This tumor 
is found in 50-10% of the benign mixed 
tumors, occurring in a slightly older age 
group, more frequently in benign tumors 
that have been operated upon before, and 
frequently appearing in benign tumors that 
have been quiescent for years. The prog 
nosis for cure of this tumor is poor, having 
approximately a 50% mortality. It has great 
metastasizing to the neck, 


facility for 
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Fig. 1.—Resection of parotid gland and preservation of facial nerve ee 
| 
| 
3 
5 


throughout the body, and for local recur 
rence. 

2. Mucoepidermoid carcinoma, high-grade 
type. Clinically, this tumor is more aggres 
sive, growing rapidly, ulcerating the skin, 
causing local pain, and eventually invading 
the facial nerve. It has a mortality of ap 
proximately 70%, with a high incidence of 
metastasis to the neck, general spread, and 
local recurrence. 

3, Adenocarcinoma. This group of tumors 
is composed of the adenocystic, mucous-cell, 
anaplastic, solid or trabecular, and pseudo 
adamantine types of carcinoma. They are 
all clinically aggressive, growing rapidly, and 
causing pain, ulceration of the skin, and 
eventual facial-nerve paralysis. The mor 
tality is in the neighborhood of 70%, with a 
great tendency to metastasize to the neck, 
throughout the body, and to recur locally. 

4. Squamous-cell cancer. This type of 
cancer is very aggressive clinically, with 
rapid growth, ulceration of the skin, local 
pain, and eventual seventh-nerve paralysis. 
It has a mortality of approximately 80%, 
with a great tendency to recur locally and 
to metastasize to the neck but, curiously, 
generalized 


not manifesting extensive 


spread. 
Facial Rehabilitation 

Phe technique of parotid gland resection 
will not be discussed in this paper, as it has 
been covered in a previous report.* When it 
has been necessary, however, to section or 
resect the facial nerve, five technical pro- 
cedures are available to assist in the re 
habilitation of the paralyzed face. 

1. Facial suspension. This is perhaps the 
least satisfactory of all the methods of facial 
rehabilitation, since the face appears normal, 
in an inert way, only in the position of 
repose. The affected side of the face 1s 
in a state of complete paralysis is 
completely devoid of intrinsic muscular ac 
tivity. This method should be used only as 
an aid to other techniques, and as a last 
resort when other methods are unwarranted 
or have failed. The paralyzed face may be 
suspended by the implantation of autogenous 
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or homologous fascia lata about the lips, 
oral commissure, and orbit, and securing 
the strips into the temporal fascia and mus 
cle. When this masticatory muscle is con 
tracted, extrinsic movement of the face 
occurs. This movement is minimal and 
not in essential harmony with facial ex- 
pression. 

Autogenous fascia lata is preferred to any 
other type. Overcorrection in the suspen 
sion is essential to accommodate subsequent 
relaxation. Fascia lata may also be used 
to suspend the face by threading it through 
drill holes in key positions of the zygoma 
and fixing it to the lips and oral commissure. 
Inert metallic wires may be used for the 
same purpose of suspension but have a 
greater tendency to eventually permit re 
laxation, 
in this latter technique. 


Movement is completely absent 


2. Muscle rotation. This technique !s 
value as an individual procedure and as 
adjunct in nerve grafting. The mass: 
and temporal muscles are available. The 
transposition of the temporal muscle and 
coronoid process of the mandible just above 
the oral commissure gives good tone to that 
side of the face and active physiological 
suspension. The transposition of the an 
terior half of the masseter muscle into the 
region of the oral commissure and_ lips 
supplies active physiological suspension of 
the face and moderate movement upon 
mastication. Either one or both of thes 
muscles may be used for rotation purposes 
when complete facial-nerve grafting is an 
ticipated. This technique supplies the face 
with animation during the year in which 
the facial nerve is regenerating, and is a 
routine part of the technique. Muscle rota 
tion is not indicated in simple nerve resutur 
ing. 

3, Facial balance. When the restraining 
forces of expression are eliminated on one 
side of the face by a permanent partial or 
complete paralysis of the tacial nerve, the 
contralateral muscles contract excessively in 
facial movement. The over-all effect of 
facial expression is improved by diminishing 
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Temporalis m. 


Coronoid proc. 
(cut) 


Masseter m. 


Fig. 2.—Preparing masseter and temporal muscles for rotation 


Fig. 3.—Masseter and temporal muscles repositioned about oral commissure 
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the exaggerated and unbalanced movements 
of the the This 
accomplished by resecting 1 cm. of each of 


normal side of face. is 
the muscles in the responsible group. A 
melolabial incision gives adequate exposure 
to the zygomaticus, levator quadratus, and 
orbicularis muscles. A segmental resection 
on the active side and appropriate shortening 
on the paralyzed side tranquilize the face 
and establish a quiet and acceptable balance 
If the 
branch of the facial nerve is paralyzed on 
the 
handled by resecting the mandibular branch 


in expression.* only mandibular 


one side, resultant imbalance is best 


on the opposite side, thus restoring symme 
try and not interfering with function. 
4. Nerve repair. If the facial nerve has 


been sectioned or a small portion of it 
resected, the best method of handling the 
problem is by direct approximation of the 
filaments with OOOOOO Atraumatic. silk. 


This simple and direct method of repair 


cut 


affords the patient the maximum amount 
of facial rehabilitation in the shortest pos 
time. 


sible The quality of the return of 


Mig. 4 


Dropper with. 
ti$Sue qiue 
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If 


approximation of all fibers is not possible 


movement 1s usually excellent. direct 
because of too much loss of certain nerve 
elements, then indirect approximation, which 
is the anastomosis of one terminal filament 
with another terminal filament or subordi 
Move 
ment of the face following this type of 


nate branch, should be carried out. 


nerve repair has been seen as early as four 
weeks postoperatively in a 15-year-old girl, 
but is usually delayed for a period of five 
to six months. 

The 
the hypoglossal or spinal accessory nerves 
the 
some success im creating facial movement. 


5. Nerve grafting. substitution of 


for facial nerve has been used with 
It, unfortunately, has no advantage over 
free nerve grafting and has the disadvan 
tage of either impairing the function of the 
tongue or the shoulder, and producing an 
aberrant type of muscle coordination. [ree 
nerve grafting in this instance may consist 
of the substitution for one or more filaments 
of the the itself, 


depending upon the extensiveness of the 


nerve, or entire nerve 


Use of plastic-tube trough to stabilize the sutured small nerve t.'aments in the face 
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excisional operation. The great auricular 
and colli nerves on the contralateral 
of the neck are an ideal source of nerve- 


grafting material. From these branches may 


side 


be procured partial segments for anasto- 
mosis or a complete nerve trunk with four 
the facial 
nerve and its branches have been resected 


appropriate ramifications. If 
during the excisional stage of the operation, 
one should routinely and immediately anas- 
tomose a free nerve graft. The technique 
of four 000000 Atraumatic silk 
sutures for the trunk of the facial 
nerve and its graft, and one through-and 
through 000000 Atraumatic silk suture for 
the terminal divisions after they have been 


consists 
main 


threaded through a fenestrated plastic tube 
to maintain the accuracy of their approxi- 
mation. The anastomosis of these fine fila- 
ments may be impioved by careful manip- 


Tarsorrhaphy 


Fig. 5 


Conley 
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the 


through 


ulation with a fine probe 
fenestrated plastic tube under high-powered 
If the masseter muscle has 
not been the 
operation, its anterior third is transposed 


magnification. 
removed during excisional 
into the commissure of the mouth and se- 
cured there with three mattress sutures. If 
the masseter muscle is not available, then 
the temporal muscle and a portion of the 
coronoid process of the mandible is trans 
posed into the region of the commissure 
of the mouth. 

The nerve grafts vary in length and size, 
depending upon the requirements of the 
wound. One or several single filaments 
may be 30 mm. in length, whereas a total 
facial nerve graft may be 90 mm. in length. 
Regeneration takes place over a period of 
6 to 18 months, depending upon the length 
of the graft. 

The results in these nerve-graft cases are 
interesting and gratifying. As_ technical 
and neural chem 
the 


that 


difficulties are overcon.e 


istry and growth better understood, 


outlook will continue to improve, so 
one can expect a good return in the majority 
of instances. The accuracy in the anasto 
mosis in the small filaments in the peripheral 
part of the nerve bed is always under ques 
tion. The plastic-tube technique enhances 
the possibilities of success at this site. One 
must, however, always be prepared for the 
invasion of the anastomosis by the ingrowth 
of scar tissue and also the effect of late 
scar-tissue contraction about the nerve, The 
plastic tube should be three times the diam 
eter of the nerve graft so that it cannot 
cause ischemia of the nerve. 


Many interesting experiences developed 


from this work and are worthy of being 
related. There is little doubt of the value 
of an active physiotherapeutic program 


during the interval of nerve regeneration, 


which take as long as 12 months 


Galvanic stimulation, active bimanual mas 


may 


of the cheek, heat, and active move 
the 
assist in keeping a high degree of tone in 


sage 


ment of rotated masticatory muscle 


the face and the tissues in a receptive con 
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dition for the regeneration of the nerve 
fibers. Obviously, if the nerve regenerates 
after a period of 12 months into muscles 
that have atrophied and fibrosed, one cannot 
expect good physiological function of that 
side of the face, even though the regenera 
tion of the nerve graft may be perfect. 
The regenerated nerve must have the privi 
lege of growing into muscles which have 
been maintained in good tone and quality. 

It was invariable that when function did 
return to the face the potential for rehabili- 
tation was much greater than the patient 
recognized. Indeed, some patients had a 
return of potential function to the face and 
were not aware of it. A specific program 
of active exercise of the side of the face 
that was operated on for a period of two to 
four weeks is carried out to help the pa 
tient reassociate the coordinated movements 
of the muscles of the face with the higher 
neural centers. This ordinarily requires 
considerable concentration and practice. The 
reassociation of these muscles through their 
neural pathways with the higher centers is 
awkward, confusing, and sluggish in the 
beginning, and indeed never attains the 
original and natural harmonious activity. 
Gradually movement is oriented with the 
normal side, and what was originally a 
slight twitch progresses to a clumsy type of 
mass movement and, finally, some refine 
This 


requires tens of thousands of prac tice move 


ment of movement appears. usually 


ments. It is reasonable to assume that when 
the success 1s less than 500 the lack of 
coordination of the neural impulses is prob 
ably more significant than the technical 
failure of the nerve anastomosis, 
Hypertonia appeared on the side of the 
face operated on and was associated with 
a sensation of tightness and = involuntary 
This ordinarily subsided as the 
Mass 


feature but 


twitches. 


rehabilitative program progressed. 


movements were constant 
were minimized by training. 
A considerable amount of work remains 
to be done on regeneration of the facial 
nerve, It has a great capacity for regenera 
tion, perhaps more than the other peripheral 
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motor nerves of the body. When the opper 
tunities for success appear meager, one 1s 
often delightfully surprised to find a con- 
amount of return of muscular 
This 


regenerative potentialities of this nerve and 


siderable 
movement. further emphasizes the 
brings up the question of miotaxis. Spon 
taneous regeneration of motor nerves in 
children under the age of 7, where no at 
made at been 


tempt was grafting, has 


reported. [ts occurrence in adults js 
questionable, yet one cannot help but feel 
that it plays a role in some instances. It 
should not be used as a substitute for recon 
structive and rehabilitative nerve grafting. 

The following case is worthy of brief 
notation: A 15-year-old girl presented a 
recurrent high-grade mucoepidermoid can 
cer that had been previously irradiated and 
operated on, In resecting the tumor, the 
main trunk of the facial nerve was tran 
sected along with the four principal periph 
eral branches. A direct reapproximation of 
nerve fibers was carried out 
Within a period of 
five weeks the patient had active and weii 


the residual 
without a free graft. 


Fig. 6.—Normal facial tone in 15-year-old girl, 


two months after suturing of facial nerve in five 
divisions, including the main trunk 
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big. 7.—Facial-nerve function after resection of 
the parotid gland, lateral neck, and nerve graft 


Pig Autogenous facial supports im right 
le ace following extensive excision for re 


current adenocarcinoma of parotid gland and neck 


Fig. 9.—Reconstruction of facial nerve by great auricular nerve graft following radical 
resection of parotid gland and lateral neck for cancer, 


2 
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coordinated movement of the middle and 
lower third of the face. This unusual ex- 
perience would indicate that the brief time 


interval would have been inadequate for 


a complete reaction of degeneration and 


regeneration, and that the interference of 
the neural pathway was minimal and transi- 
tory in character. 

Occasionally, upon reexploration of a 
facial-nerve graft, apparent separation of 
the nerve filaments at the line of anastomo- 
sis seemed to prevail. Upon closer inspec- 
tion, however, it appeared as if a minimal 
portion of the anastomosis was intact and 
the remainder either separated by scar tissue 
or distorted. Yet, these persons will often 
have good movement of the face. 

In partial resection of the facial nerve 
(either the temporal or cervical division) 
residual movement of the face was excellent, 
emphasizing the multiple network of anas 
of the different 
branches of the facial nerve in the cheek, 


tomoses peripheral 
with duplication of control and innervation. 
These facts emphasized the situation that 
it was not necessary for total regeneration 
of all the nerve fibers to produce good 
function. If a small percentage of the fibers 
in the main trunk made key connections in 
the peripheral apparatus, one could expect 
good function. 
Conclusions 

1. The correlation between an accurate 
microscopic classification and the biology 
of the for the 
management of tumors in the parotid gland. 


tumor is essential proper 

2. Rarely is the facial nerve permanently 
injured in the management of benign tu- 
mors of the parotid gland. Many highly 
malignant tumors, particularly small ones 
localized in the lateral lobe, may be resected 
without’ permanent injury to the facial 
nerve, 


3. In highly malignant tumors involving 


A. 
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the major portion of the lateral lobe, or the 
isthmus or the medial lobe, or those that 
have already invaded a portion of the facial 
nerve, radical resection . ‘the entire gland 
and facial nerve shouki be carried out. 
These persons require facial rehabilitation. 

4. This rehabilitation consists of imme- 
diate nerve repair by direct or indirect 
approximation, when this is possible. 

5. Facial-suspension techniques by em- 
ploying fascia lata and inert metallic com 
pounds looped through the zygomatic bone 
or temporal muscle are considered least de- 
sirable and are advised only as auxiliary 
procedures when a more dynamic method is 
unwarranted or impossible. 

6. 


izing the muscles of the unoperated side 


Restoring facial balance by tranquil 
and shortening the muscles of the side 
operated on effects a marked improvement 
in facial expression. 

the temporal or masseter muscles, offer an 


Muscle-rotation techniques, utilizing 


excellent type of live physiological suspen- 
sion and movement associated with 
activity. 

Nerve-grafting 
or complete replacement of the facial 
In the 
majority of instances, one can expect a 


catory 
8. 
partial 


techniques, either 


nerve, are the treatment of choice. 
good return of mimetic activity of the face 
thus restoring the 
physiological activity of the area operated 


operated on, natural 


on. 
139 FE. 36th St. (16). 
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Presbycusis 


MAURICE SALTZMAN, M.D., Philadelphia 


Presbycusis has been likened to  pres- 
byopia, the two conditions having the aging 
factor in common. In the older population, 
the age of the person may be ascertained 
precisely from the amplitude of his ac 
commodation. The aging process of the 
lens—increase in lipoid content and harden 


ing of nucleus—is physiologic, with an 


incidence of 100% in humans. In the ear, 
the hypothesi. that there is a decrease with 
age in the perception of the upper tonal 
range has been formulated from studies 
with the Galton whistle, by Zwaardemaker |; 
with the monochord, by Struycken?; with 
the audiometer, by Bunch and Raiford 4 
and Montgomery.* Other etiologic factors 
of high-tone deafness include acoustic 
trauma, infections, and ototoxic drugs. In 
the differential diagnosis, the universality 
of the deficiency in perception of the high 
the age 


stressed. None of the 60-year old persons 


frequencies in older groups is 
in the Bunch and Raiford series heard the 
extremely high frequencies. Montgomery 
studied 370 laboratory employees who were 
healthy people with no history of aural 
disease. The difference between the com- 
posite audiograms of the 20-year old group 
and those of the 59-year old group was 5 
db. for 64 d. v.—2048 d.v. and 25 db. for 
the 4096 cycle. 

A controversy regarding the nature of 
presbycusis arose at the turn of the cen 
tury. Zwaardemaker! was of the opinion 
that the lowering of the upper tone limit 
is a physiologic phenomenon. Sporleder ® 
thought that even middle-grade deafness 
must be produced by factors other than age. 
Von Stein ® believed that arteriosclerosis is 


the cause of presbycusis. 
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In Alexander's? famous case, histologic 
changes were found in the internal auditory 
arteriosclerosis with 


artery of a case of 


inner-ear deafness. However, two statistical 
studies at the Johns Hopkins Hospital indi- 
cate that there is no greater incidence of 
perceptive deafness in persons with arterio 
sclerosis than in those of comparable age 
groups without this disease. Bunch* re 
ported that 58 patients aged 50-60 years and 
55 patients over 60 years, in all of whom 
the diagnosis of arteriosclerosis was estab- 
increase in 


lished, showed no significant 


inner-ear deafness. In Ciocco’s® series of 
1980 cases, the 298 patients with cardio- 
vascular disease showed no greater deteriora- 
tion of auditory acuity than the others of 
histologic 


comparable age groups. In a 
study by Crowe, Guild, and Polvog no 
parallelism was found between degenerative 


changes in the neuroepithelium and nerve 


fibers and sclerotic lesions in the blood 
vessels of the inner ear. 
The recruitment phenomenon — distin- 


guishes between lesions of the end-organ 
and those of the eighth nerve. It is present 
in Méniére’s disease and in acoustic trauma, 
in which conditions the ganglion cells and 
afferent nerve fibers are relatively unaf 
fected, the pathology being limited to the 
end-organs. On the other hand, the nerve 
fiber diseases, such as acoustic neurinoma, 


are devoid of recruitment. In presbycusis, 
the predominant histologic finding is atrophy 
of the spiral ganglion cells, according to 
Saxen.!! He described, also, another type 
of presbycusis, which is characterized by 
degeneration of the epithelial tissues of the 
Schuknecht '* stresses the fact that 


in the epithelial atrophy type of presbycusis 


cochlea. 


the loss of hair cells and the loss of spiral 
ganglion cells are closely parallel. Accord 


6/ 


2 

| 
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ingly, neither the neural atrophy type nor 
the epithelial atrophy type of presbycusis 
recruitment, as they lack the 


can show 


prerequisite for the production of this 
phenomenon, which is a near-normal num- 
ber of ganglion cells. If, however, an old 
person with high-tone deafness does show 
recruitment, it may be assumed that his 
aging has not affected his ganglion cells 
and that his hearing loss is due to hair-cell 
damage caused—in the course of his long 


life 


lrequently, we encounter deafness prob 


by noise, infection, or drugs. 


lems in young and middle-aged persons in 


whom the audiologic findings suggest a 
presbycusis pattern. There is also a familial 
tendency to this type of deafness in some 


sisters, 


Cases. occurrence two_ brothers, 


two and in a brother and_ sister 


has been witnessed. 


Representative Case 


\ white man, aged 59, was examined on March 
23, 1956. His 


understanding conversation at a distance of 5 ft 


complaint was the difficulty in 


or more, The several hearing aids he owns are 


of help only ino making sounds at close range 


M. A. ARCHIVES OF OTOLARYNGOLOG) 


louder and “plainer.” The onset of the hearing 
impairment occurred at age 45, and the deteri 

tion has been progressive. ‘ine patient is free of 
tinnitus and never experienced vertigo. He enjoys 
good health and is a successful professional man 
No abnormality was found by otoscopy and naso 
pharyngoscopy. The Eustachian tubes were patent 
There were no abnormal spontaneous neuro-oto 
logic findings, and the caloric test performed on 
both ears elicited normal responses. The patient’s 
audiogram is shown in the Figure. No recruit 
present. S. R. T 
levels in the right ear and the left ear, 
The 40% 


in the right ear and 62% in the left ear. ‘iis 


ment is was at the 55- and 
35-db 


respectively discrimination score was 


sister has similar hearing difficulties, and the 4 
of her progressive deafness also oce:aied during 
the middle-age period. 


Comment 

In this case, premature presbycusis is 
suggested by the sloping audiogram, pro 
gressive perceptive deafness, absence of 
recruitment, absence of vertigo and tinnitus, 
poor discrimination score, nonrehabilitability 
through a hearing aid, and the family 
history. 

The findings in this case conform with 


the audiologic manifestations of presbycusis 


HEARING LOSS IN DECIBELS 


Oo Rt 


Premature 


xX=Left 


Presbycusis 


bone 


KK Left bone 
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of advanced age, except in regard to slow 
cerebration, which prevails in the older 
group. Poor speech intelligibility at a dis- 
tance of 5-6 ft., in spite of a suitable hear- 


common complaint — in 


ing aid, is a 
presbycusis. This observation was reported 
by Ersner and me ' in 1951. A_ plausible 
explanation is that 


loses most in the discriminatory advantages 


the presbycusis ear 
of the high consonants. Kerrison ™ states 
that s and sh sounds carry farthest and can 
be heard three times as far as f, v, t, th, 
d, and k. Again, f, v, d, and k are heard 
farther than b and p. As the high conso 
weakest in sound their 


nants power, 


audibility at a distance is nature’s special 


are 


gift to the normal ear. This special sensi 
tivity is lost in presbycusis. It cannot be 
remedied by the amplification of a hearing 
aid, as it is not sound power that counts 
most. It is the receptive organ that lost 
its special sensitivity. 

As handicapping deafness is present in 
less than 10% of people aged 60-80 years, 
it appears that the aging factor alone does 
not produce the atrophic changes in_ the 
inner ear described by Saxen and Schuk 
the occurrence of the 


necht. Moreover, 


presbycusis pattern of deafness in middle 


aged people who have no degenerative 
changes in any other part of the body 
suggests a specific dystrophy on a nutri 
tional or hormonal basis. Advancing years 


and heredity constitute predisposing factors. 


Summary 


A lowering of the upper tone limit is a 
universal finding in old people. 

An otologic entity with a distinctive his 
topathologic pattern has been described by 
Schuknecht the 
It is encountered more fre 


Saxen and under term 
“presbycusis.”” 
quently in advanced years, but it occurs 
also in the younger age groups. Heredity is 
a predisposing factor. It presents a charac 
teristic audiologic pattern. It is hypothe 


sized that presbycusis constitutes a specific 


Salteman 


To deter the 


dystrophy of the inner ear 
progress of the deterioration, the help of 
and 


the sciences of geriatrics, nutrition, 


endocrinology must be sought. 


1923 Spruce St. (3) 
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Audiology Section 


Josern SataLorr, Associate Epiror 


Functional Deafness 


Functional elements im medicolegal evalu 
ations of hearing disabilities generally ex 
diagnostic or 


The 


audiologist charged with the responsibility 


ceed those observed in 


therapeutic examinations forensic 


of measuring the organic deficit in’ these 
cases must take particular care to isolate 
nonorganic components and seek to quantify 
them. 

Clinical experience has shown that fun 
tional hypacusia often takes the form of 
a uniaural loss. There are three major rea 
this fact: The 
person tends to overevaluate the 


sons for unsophisticated 
gains re 
sulting from the demonstration of uniaural 
deafness, it is often assumed that it is 
easier to feign accurately from test to retest 
a total hearing loss in one ear than it is 
the 


symmetrical 


thresholds of a 
this 


few 


to repeat binaurally 


and with kind of 


loss, 


hearing loss there need — be gross 


changes communication behavior and 
daily living habits. 

Phe detection of the uniaural type of 
functional deafness can be important even 


though disability evaluations for such losses 


tend to be small. If these funetional uni 


aural losses are accepted as organic, small 


decreases in the acuity of the allegedly 


better 
in disability 


ear can lead to substantial increases 


evaluation. The refore, an ob 


jective audiometric which permits 


accurate detection of functional deafness 


of the unmiaural type ts needed, and must 


certainly gain in usefulness. 
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A Delayed Sidetone Test for Detecting Uniaural 


EDWARD W. GIBBONS, M.A., and RICHARD A. WINCHESTER, M.A., Los Angeles 


Present audiometric tests employed to 


demonstrate organic, one-sided deafness 
have characteristics which can lead to seri 
test failure. brief 


these techniques and_ their 


ous error or to test 
discussion of 
shortcomings as seen by ihe forensic audi 
Ologist is important, 

It is most likely that the Stenger tests 
represent the earliest attempts to develop 
an audiometric procedure designed solely 
to detect. the 


' addition, 


uniaural functional hearing 
the the 
Weber,* spoken and whispered voice,’ re 
threshold tests,® 
detect 
experience has shown, however, 


loss Lombard,” 


peated and others have 


been used to one-sided functional 
deafness. 
that the latter procedures are not especially 
the task set 


detection of 


well suited to before them 


because functional elements 
depends upon the interpretation of subjec 
five responses, These techniques do not 
permit the examiner to isolate acoustically 
test or to minimize 
the 


the opposite ear, 


the ear under errors 


introduced by cross-over of sound to 


What is needed is a pro 


cedure which tests one ear at a time by 


nullifying the functions of the ear not undet 


test 
Until recently, the Stenger tests have been 


the most useful means of demonstrating 


organic uniaural deafness. However, thes 
tests, whether they be given with matched 
tuning forks or with the elaborzte, modern 
two-channel audiometer, are subject to vari 
ation and error because they involve the 


stimulation of both ears.® [t is not possible 
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TEST FOR UNIAURAL DEAFNESS 


to isolate the ear under scrutiny so that it 
can be tested separately without considera- 
tion of the threshold of the other ear in 
these tests. 

Although the Stenger 
used, they have characteristics which can 


tests are W idely 


lead to spurious test results or even test 
failure. Primary among these is the degree 
of subject sophistication, for success de 
pends upon the fact that the subject is un- 
certain of the principle or administration 
the test. If the subject understands the 
operation of the test, he 


of 
can respond to 


the tone presentation so as to give the 
appearance of a severe loss in the ear under 
test when in fact the ear is normal. 

In addition, there are certain technical 
problems related to the administration of 
the test which can provide further sources 
of test 


over, or induction, from one stimulus chan 


error or failure. Electronic cross 


nel to the other can result in test failure 
by altering the intensity of the stimulus 
presented to the allegedly better ear. ‘Tone 


interrupter switches having slow tonal rise 
times can produce test failure, for success 
ful administration of the Stenger test de 
pends upon the ability of the audiologist to 
tones suddenly at precisely con 
Noisy or dirty switches 


present 
trolled intensities. 
which during their operation develop cx 
traneous sounds can lead to spurious test 
results by indicating to the subject that the 
tones are being altered, while tone-inter 
rupter switches which have too rapid tonal 
rise times can lead to test failure by indi 
cating to the subject changes in the tone 
presentation through acoustic clicks 

the 


with 


the most ideal conditions 


Stenger test must be done quickly 


Under 


the most skilled and subtle techniques, for the 
value of the test tends to deteriorate rapidly 
after the first series of tone presentations. 
There appears to be a tendency for even the 
inexperienced subject to become aware that 
both ears are being stimulated when the 
test is prolonged, and thus continue to 
respond to both stimuli. When this occurs, 


the procedure is no longer effective. 


Winchester 


Gibbons 


Interpretation of the Stenger tests is 
difficult because they are most accurately 
interpreted during the actual test-adminis 
tration period. The audiologist often must 
depend upon minimal responses for the suc 
cessful interpretation of the subject's reac 
tions to the tone presentations, reactions 
difficult to describe or record. 

The Stenger tests can often fail in their 
de 


the 


clinical application because they are 
pendent upon subjective reactions. If 


subject cannot or will not cooperate fully 


with the audiologist, the test results in 
failure. Consequently, a negative Stenger 
test should never be looked upon as con 


clusive proof of organicity. Such test results 
must always be corroborated through the 
use of other clinical procedures 

of shadow 


Although demonstration 


curve can corroborate a negative otenger 
test result,’ this technique has value only 
when the threshold of the good ear 1s better 
than 30 db., or when the organic threshold 
differential between ears is 60-70 db When 
not met, ieonclu 


ever these conditions are 


sive test results can obtain. This limiting 
characteristic makes it necessary to rely 
upon other tests in order to substantiate 
smaller organic threshold — differentials 


between ears. 
Tests for the detection of uniaural fun 


tional deafness depending for thei opera 


tion upon the sound-localizing properties 
of binaural hearing * can often be used to 


support a negative Stenger test, particularly 
in the case of the unsophisticated subject 
However, certain problems related to the 
administration of such tests or the psycho 
of ided Organ 

It has been 
noted in certain cases of long-standing uni 
that the ability to 
laterally can be ; 


acoustical properties one 


deafness can lead to test failure 


aural organic deafness 


localize sound seriously 


impaired. No matter which ear receives the 
higher relative sound tensity, the sound 
is perceived in the better ear or at midline 
The audiologist must recognize the possi 
bility of such and under 


responses no 


circumstances interpret them as being indic 
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2 


ative of complete deafness in the allegedly 


ear without supportive evidence, 


poorer 
especially in cases of suspected congenital 


or long-standing loss. 

More recently, because of the increasing 
need for additional procedures capable of 
hearing 


detecting the uniaural functional 


loss, other tests which might be termed 
“tests of confusion” *® have been developed. 
The success of these procedures depends 
upon the ability of the audiologist to ma 
nipulate the piecemeal presentation of the 
segments of a short story or anecdote in 
difficult for 


which 


such a manner as to make it 
the 


portion of the story was presented to each 


subject to remember exactly 


ear. Confusion can be revealed by asking 
the subject a series of questions whose 
must be based what was 


answers upon 


heard. If there is a functional deficit in one 
ear, this fact may be indicated by the an 
swers to the questions. The limitations of 
such a technique are obvious. The sophisti 
cated subject may be able to avoid detection 
giving 
while the 


of a uniaural functional loss by 
evasive or misdirecting answers, 
less sophisticated subject may state that he 
can remember nothing of what was told to 
him. In either case, the result is test failure. 

The preceding discussion, although not 
definitive, makes it clear that there is fur 
tests of uniaural 


ther need for additional 


functional deafness, tests which — are 


dependent upon the application of sound 
psychoacoustical principles rather than psy 
chological tricks or subject confusion 
Although of the Doerfler 


Stewart test,’’ and the PGSR procedure ™! 


modification 


has been of value in the detection of uni 
aural functional deafness, certain technical 
problems relating to the matter of nullifying 
the functions of the ear not under test still 
have not been solved, 

earlier study has indicated that delayed 
sidetone testing of separate ears is feasible 
ant can be accomplished through auditory 
masking of the ear not under test22— This 
procedure makes it possible to isolate acous- 
tically the ear under test by nullifying the 


/ 
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functions of the opposite ear. Further, 
extensive use of delayed  sidetone 
metric techniques has 
highly desirable objective nature of this 
procedure. This objectivity has been clearly 
demonstrated during the exploratory appli 
in a 


audio 


emphasized — the 


cation of delayed sidetone technique: 
wide variety of clinical cases wherein only 
a very small percentage failed to exhibit 
easily discernible manifestations of inter 
ference with the subject’s normal speech 
processes. 

The 


modification of earlier testing techniques 


present investigation involves a 
which were applied to normally hearing 
subjects, and is concerned with the clinical 


of 


designed to detect the presence of uniaural 


validation an audiometric procedure 


functional deafness. 


Subjects 


Seventy veterans with medically diag 
nosed organic uniaural hearing losses were 
subjected to exhaustive audiometric study 
in order to substantiate and quantify their 
aural deficits. These veterans were seen 
for adjudicative purposes or for medical 
treatment processing in the Audiology and 
Speech Correction Clinic, Veterans Admin 
istration Regional Office, Los Angeles. No 
subject showing any degree of neuropsychi 
atric disorder or any evidence of a speech 
or language disturbance, in addition to the 
uniaural hearing loss, was included in the 
study. The following audiometric criteria 
for subject selection were observed: 

1. No subject having less than a 40 db. threshold 
speech 


the 


differential between ears 


15 


or a 


db 


reception 


threshold worse than for better ear 


was studied 
2. No subject with a speech discrimination score 
less than 90% 


for study 


of for the better ear was selected 

3. No subject with a pure-tone loss exceeding 
20 dh. for any single frequency in the speech range 
the 


better selected 


Thirty-seven subjects showed the greater 


ol ear was 
loss in the right ear, and thirty-three showed 
the greater loss in the left ear. The losses 
in the poorer ear ranged from 40 db. to no 
response on standard audiometric equip- 

Vol 1957 


66, July, 


TEST FOR UNIAURAL DEAFNESS 


ment, with a mean differential between ears 
of 69.7 db. 
from the routine clinical caseload of more 
than 1000 veterans a year undergoing med 
icolegal evaluation. 


These subjects were selected 


Equipment 

A modified Magnacorder Tape Recorder, 
Model PT-63AH1 with PT-63] amplifier, 
provided the delayed sidetone. Generation 
of the saw-tooth masking noise and control 
of the intensity levels for delayed sidetone 
and masking noise were done through the 
wse of a U. S 
uator, Model 200. This dual channel equip- 
present at 
designated the 
noise and the delayed sidetone to the sub- 


Recording Hearing Eval 


ment made it possible to 


sensation levels masking 
jects through Permaflux receivers, Model 
PDR-& with MX-41-AR The 


auditory testing equipment was located in 


cushic ms. 


a standard two-room, acoustically isolated 
test suite, and was aligned and calibrated at 
regular intervals. 

The standard prose reading passage used 
in all tests was taken from a fifth-grade 
reader currently employed in the Los An- 
geles public schools. Reading materials at 
this level were selected to ensure that few 


subjects would be rejected for defective 
reading. This reading 
quently titled the “Kitty Hawk’’ passage, 


contained 500 syllables of expository prose 


selection, subse 


which had been demonstrated to be uniform 
throughout with respect to reading difficulty. 


Research Procedures 
The total 70 uniaurally 


deafened 


population of 
tested 
different delayed sidetone conditions. As 


veterans was under two 
they appeared for routine audiometric test 
ing, the veterans were assigned alternately 
to one of two test sequences, each of which 


TABLE 


Test Conditions Code 


Delayed sidetone to better ear, masking to poorer 
Masking to better ear, delayed sidetone to poorer MB 
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Test Conditions 


the two different test conditions 
shown in Table 1. 

Thus, for test sequence MP, the sub 
jects first received a 60 db. sensation level 
of delayed sidetone directed to the better 


masked by 


involved 


ear, while the 
a saw-tooth wave-form masking noise pre 
sented at 80 db. re threshold 
speech. The 
read aloud by the subject and the elapsed 
After a 


rest period, the test conditions were reversed 


poorer ear was 


normal for 
standard was 


prose passage 


reading time recorded. suitable 
and the subject was instructed to reread the 
same The two reading sessions 


constituted all the testing done with each 


massage. 


subject in test sequence MP}. 

For test sequence MB), the test presen 
tation order was changed so that each sub 
ject in this group first read the common 
test passage with the masking noise to the 
better ear while the poorer ear received the 
delayed sidetone. Again, after the passage 
had been read and the elapsed time re 
the test 
and the elapsed reading time for this read 


corded, conditions were reversed 


ing session recorded, 


Results 


The testing procedures described above 
resulted in two elapsed oral reading times 
for each subject. These reading times were 
designated “MP” the 
poorer ear) and “MB” (masking noise to 


(masking noise to 
the better ear). Table 2 summarizes data 
obtained from the two distributions of oral 
reading times secured from the present in 
one distribution of oral 


vestigation and 


reading times resulting from a previous 
delayed sidetone study involving binaural 
presentation to normally hearing subjects, 
which was designated condition A 

that 


was a 36.4-second mean difference between 


Reference to Table 2 reveals there 


Sensation Levels 
“idetone 
Delay, Sec 


Better Far Poorer Bar 


MOdb. masking 0.16 
(0 db. sidetone 0.16 


0 db. sidetone 
80 db. masking 


ac 
| 
73 
| 


Mean 
Test Condition N Age, Yr. 
MP -1masking to poorer ear 70 36.5 
M B-1masking to better ear 70 36.5 
Binaural presentation 40 37.6 


TABLE 3.—Analysis 


Degrees of 
Freedom 


Sure of 
Squares 


Conditions 
Compared 


WAS 


MP-MB 1770.5 148 


MB. 


this 


test condition MV and test condition 


In order to test the significance of 
difference an analysis of variance was com 
puted Table 3), the resulting 
I*-score indicated that the variance between 


test conditions MP and MB was very sig 


and 


(see 


nificant, 

Next, analyses of variance were obtained 
by comparing the two test conditions of the 
present investigation with the test condition 
previously used in a delayed sidetone study 
This test 


condition involved reading the same 500 


of normally hearing subjects. 
syllable passage used in the present study 
under a 60-db. sensation level of delayed 
sidetone binaurally presented. Table 2 sum 
marizes data resulting from the analysis of 
the test 


Analyses of variance scores were 


test times obtained from previous 
condition 
computed by comparing condition A with 
conditions MP and MB. Table 4 
izes the details of these computations 


between 


summar 


Keference to 1 makes it clear that 
the MP 


(masking to the poorer ear) and A (binau 


Variance test conditions 


rally presented le layed sidetone) is not 


significant. On the other hand, the variance 
hetween condition MB (masking noise to 


the better ear) and the same condition A 


significant. 


Was very 


TABLE 4.—Analyses of 


Degrees of 
Freedom 


Sums of 
squares 


Conditions 
Compared 


16.2 1 


MP-A 1553.2 108 
2234.1 1 
MB-A 696.9 108 
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of Variance Between Test Conditions MP and MB 


Variance Between Clinical and Normal Groups 


TABLE 2.—Grouped Reading Times in Seconds 


Males, Mean Standard 
% Times Deviations Ranges 
95.7 178.44-5.2 42.94-3.7 117.8-300.2 (191.4) 
95.7 141.943.1 25.642.2 92.0-238.6 (146.6) 
75.0 179.84-3.8 24442.45 130.6-238.2 (107.6) 


F-Ratio P 


Mean Squares 


464.5 
12.8 36.3 > 0.01 


During the testing it was seen that one 


test sequence might be more effective than 
the which 


test sequence was the more effective, the 


other. In order to determine 
total subject population of 70 veterans was 
divided into two equal groups. This division 
was made on the basis of the ear receiving 
the delayed sidetone stimulation first. Table 
5 illustrates the division of the population 
the details of the 
sequences, This division of the subjects re 


and test 


presentation 
sulted in four elapsed reading times, which 
were analyzed in terms of the intergroup 
differences, Table 6 summarizes data derived 
from the four distributions of reading times 

Reference to Table 6 reveals that differ 
ent 


sequences Of presentation resulted in 


different mean reading times. It was neces 


sary, therefore, to determine whether o1 
not these differences were statistically sig 
nificant. Analyses of variance for the four 
reading time distributions were computed 
Table 7 contains details of the computations 
of I*-scores which quantified the degree of 
variance between the distributions of read 
ing scores as they were paired in various 
combinations. 

The F 


computations revealed that all the paired 


scores resulting from the above 


combinations of group reading times wer 


Mean Squares F- Ratios P 


16.2 

44 1.125 Nonsig. 
2234.1 

6.453 346.21 >0.01 
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TABLE 5.—Test Presentation Sequences 


Conditions 
© MP MB 
1 MP, MB, 
=) 2 MPs MBs 


Test Orders N Mean Times 
MP, 35 171.546.0 
MP: 35 134.1469 
MB, 35 151.443.4 
MB; 35 $2.745.5 


significantly different. This result was taken 
to mean that presentation order can have a 
the difference 


conditions. 


influence be 


marked upon 


tween contrasted test Because 
of this fact it became necessary to establish 
which test sequence produced the larger 
temporal difference between the two test 
conditions. In order to do this, mean dif 
ferences between the reading times resulting 
from the two test sequences were obtained. 
Table & 
The table suggests that test sequence MP; 


MPs is the more effective test presentation 


presents these mean differences. 


order because it yields the greater mean 
time difference. Further evidence of the 


MP, MP2 Is con 
tained in Table 9, which presents the scatter 


of 


greater effectiveness of 


and test time differences and the 


range 


Paste 7.—Analyses 


Sums of 
Squares 


Conditions 
Compared 


MP,-MP:; 
2705.4 6s 
MP ~-MB, 1358.4 
2007.9 Hs 
MP 471.1 
1700.9 
MB,.-MB; S45.5 
1081.6 6s 
MB.-MP 2527 6 
2086.1 
MPsMB; 1241.4 


Vean Time Differences Between Test 
Sequences 


& 


Mean 


hequences 
Differences, Sec, 


Compared 


MP, MPs 37.4 
MB, MBs 41.3 
Difference 61 


Winchester 


Gthhbons 


TABLE 6.—Group Reading Times in Seconds 


number of test time differences falling be 


low 10 seconds. This table makes it clear 
that test presentation sequence MP,-MP» 
is more effective because the range of test 
time differences was smaller, the distribu 


tion was more closely grouped, and only 


sb Kange 
$5.244.3 117.8-208.3 (180.5) 
40.1449 92.0-238.6 (146.6) 
19.84-2.4 106.4-246.7 (130.3 
$1.54-3.9 127.6-300.2 (181.6 


one test time difference was below 10 
seconds. 
Next, attempts were made to establish 


whether or not a pattern existed between 
the extent of the difference in acuity be 
tween ears and the mean difference in the 
conditions MP and MB 


two over-all test 


in seconds. 


Table 10 indicates that no discernible 
relationship exists between the extent of the 
difference in acuity between ears and the 


mean time differences between the two test 
conditions, 

linally, the time differences between the 
Table 9) 


establish a 


two test conditions (see were ex 


amined in order to rationale 


below 
the 


for setting up a minimal standard 


which functional involvement in 


of Variance for Testing Differences Between Test Presentation 
Sequence 


Mean F-Ratios P 


squares 


30.5 16.3 
1358.4 

29.5 4.0 
‘71.1 

25.0 18.8 » 0.01 


poorer car must be suspected. Ten seconds 
was chosen as the screening level for pos 
sible functional elements 
Comment and Conclusions 
This investigation involved the clinica 
validation of an objective audiometric pro 
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5 


wet 
0.01 
29.1 
27.6 
527 0.01 
2527 6 57.6 
3.9 
0.01 
f 
1241.4 
49.4 


TasLe 9.—Grouped Time Differences Between 
Test Conditions in Seconds 
MP; 


MB,— MB; MP, 


designed to detect uniaural furie 
The results of the study 


this 


cedure 
deafness. 
that 


tional 


demonstrated testing procedure 


can effectively detect the existence of a 


uniaural functional hearing loss, and that 
its utilization in a comprehensive audio 
metric examination is easily accomplished. 

Conclusions reached in previous research 
which asserted that each case must be eval 
uated in terms of the subject’s own reading 
performances were substantiated. DBecause 
of the wide range of normal reading rates 
encountered among subjects in the usual 
test situation, it became clear that the criti 
cal detection index for this testing proce 
dure must involve the temporal differences 
in delayed sidetone involvement between the 
good ear and the impaired ear. Conversely, 
if there is no difference in delayed sidetone 
involvement between the two test conditions 
used, or if the second reading time is shorter 
than the first, then there is clear indication 
that a functional loss exists. 

One test presentation sequence was su 
perior to the other, for larger time differ 
the 
sidetone was presented first to the normal 
This 


occurred in spite of any perseveration of 


ences were obtained when delayed 


ear and then to the impaired. ear. 
10 


Mean Time Differences Between 
Conditions MP and MB 


Grouped Differences Between Fars and 
Test 


TABLE 


Mean Time 
Differences, Sec. 


Difference 
Between Ears, Db. 


40-49 
50-59 
0-9 
70-79 
00-90 
100+ 
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the delayed sidetone interference — with 
speech during the testing of the impaired 
ear.'* 

Out of the 70 subjects tested 1 case 
presented atypical results wherein the read 
ing for the 


sidetone to the better ear was shorter than 


time passage with delayed 
the time for delayed sidetone to the poorer 
ear. This subject was a high-school gradu 
ate and did not have any particular difficulty 
with the fifth-grade reading material. [x 
tensive testing before and after delayed 
sidestone presentation indicated that the uni 
aural loss in this case was purely organic 
in nature. It should be noted that this atyp 
the test 
sequence which proved to be the less effec 
this 
abnormal speech production during the test 


ical performance resulted from 


tive. However, subject displayed 
condition involving presentation of delayed 
sidetone to the better ear and no speech 
the test 


wherein delayed sidetone was presented to 


abnormalities during condition 
the poorer ear. 

This exception to the usual test results 
the 
medicolegal management of this type of 


emphasizes need for comprehensive 
case. ach case being presented for medico 


of a 


should be considered a priori as possessing 


legal evaluation hearing disability 
a possible functional component. The ex 
istence of every organic uniaural hearing 
loss must be corroborated by assessment of 
prior vocational and/or military experience, 
an otolaryngological examination and diag 
nosis, and a review of social and psychiatric 
records. In addition, the appraisal of all 
audiological records, particularly those con 
cerned with hearing tests showing varia 
tions, 1s necessary in order to establish a 


previous organic threshold base line. 


Administration of the Test 


All uniaural hearing losses demonstrated 


by standard audiometry should undergo 


testing designed to detect any functional 
component. This is imperative in the fol 
lowing cases: sudden increases in the hear 
ing loss, losses without apparent etiology, 
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losses showing variations in previous audio 
grams, and cases not demonstrating audi- 
tory behavior characteristic of the uniaural 
loss. The present study has shown that a 
clinical test utilizing delayed sidetone test- 
ing techniques can very effectively detect 
functional that the 
test in question should be administered in 


uniaural deficits, and 


the following manner: 


Step 1. Cbtain organic thresholds, including 


speech reception threshold for the better ear. 


Step 2. Screen the subject to establish his 
ability to read at or above the level of the ma- 


terial used 


Give instructions regarding the conduct 
Care should be taken that the subject 
understands what is expected of him, especially 


Step 3 


of the test 


that he is not to stop or hesitate while reading 


Step 4. Present a sensation level of 60 db. of 
delayed sidetone to the better ear while at the 
same time presenting a masking noise level of 80 
db. re normal threshold to the apparently poorer 
ear 

Signal the subject to begin reading the 
500 
The 


elapsed reading time should be measured, pref- 


Step 5 
test mater.al which should consist of at least 
easily read expository 


syllables of prose 


erably through the use of a stop watch 


Step 6. Reverse the above conditions so that 
the same level of delayed sidetone is presented 
to the apparently poorer ear, while masking noise 
at 80 db 


better ear 


re normal threshold is presented to the 
Step 7. Signal the subject to begin reading the 
same test passage used previously; elapsed reading 
time should be measured as before 

The objective nature of this test makes its 
interpretation a the 
that the time difference is less than 
10 seconds, a element the 
A differ 


ence of more than 10 seconds between read 


simple matter. In 
event 
functional 


allegedly poorer ear is indicated. 


ing times 1s strongly indicative of an organic 
uniaural deficit, although this finding should 
not be used to quantify the exact threshold 
differential between ears. 

Dramatic differences in speech produc- 
the test 
also suggest a difference in thresholds, even 


tion between two conditions can 


in the small percentage of cases presenting 


differences of less than 10 seconds 


time 
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On the other hand, when the time differ- 
ence is small and no difference in speech 
production exists between the two test con- 
component in the 


ditions, a functional 


allegedly poorer ear must be suspected, 


Summary 


Seventy cases of uniaural organic deaf 


ness were studied in order to validate a 


new, objective delayed sidetone test de 
signed to detect uniaural functional deaf 
The the 


following findings : 


ness. investigation resulted in 


1. Delayed sidetone testing techniques can detect 


a uniaural functional deficit 


2. Clinical utilization of these testing techniques 
is feasible in standard audiology clinics 

3. The results of the testing technique are ob 
jective, and their interpretation is easily achieved 
Specific instructions for presenting the de 
layed sidetone test are given. 
Regional Office, 1031 


Veterans Administration 


S. Broadway (15) 
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Persistence of the Effects 
Speech & Hearing Dis 


of Hearing Acuity 


SIDNEY PELL, Ph.D., Pittsburgh 


One of the biggest obstacles in the way 
of an adequate statistical study of the effects 
of occupational noise on hearing acuity has 
been the scarcity of reliable long-term audio- 
metric observations on industrial personnel. 
The effect of very high noise levels can be 
detected in a short period of time, as illus- 
trated by McCoy’s! one-year study of 
chipping workers, but knowledge of the 
effects of lower noise levels requires pro- 
portionately longer periods of observation. 
Lacking satisfactory follow-up data, many 
been compelled to 
of current 


investigators 77 have 
draw inferences on the basis 
audiograms taken on noise-exposed work- 
ers, using as control data the audiograms 
of other employees in the plant or the find- 
ings of large-scale population surveys. 

This method of study has two drawbacks. 
First, the investigator must take into ac- 
count the amount of hearing loss that has 
been incurred as a result of various types 
of acoustic trauma prior to the occupational 
noise exposure that is being investigated, 
e. g., noise exposure in a previous job, 
gunfire noise in the military service or in 
and = miscellaneous 


kinds of 


stresses would not introduce bias into the 


recreational activities, 


acoustic trauma. These noise 


findings of the study if the amount of 


such was distributed 


between the exposed and control groups, 


exposure randomly 


but such an assumption would be difficult 
to validate. 

The second disadvantage arises from the 
fact that, ordinarily, employees have been 
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exposed to the noise in their work area 
for different periods of time, so that the 
analysis becomes further complicated by the 
problem of taking into account duration of 
exposure, 

The two variables, preexposure acoustic 
trauma and duration of current occupa- 
tional exposure, 


the following type of longitudinal study de- 


can be controlled when 
sign is employed. 

At a given point in time, let us say, year 4, 
measure the hearing acuity of a group of 
workers exposed to various levels of occu 
pational noise stress. After a period of k 
years has elapsed, measure their hearing 
acuity again. Then compute the change in 
hearing acuity that has occurred between 
year «# the x+k. The effects 
of the occupational noise to which the work- 


and year 


ers have been exposed between 


x and x + k can then be analyzed by study 


years 


ing the relationship of specifically defined 
noise levels to changes in hearing acuity, 
taking into account the age and degree of 
hearing loss of each subject at year # 
Thus, noise stress prior to year x does not 
affect the analysis of the data, and the 
duration of exposure is held constant, 4. ¢., 
at k years. 

Audiometric data for a study of this 
type were made available by a plant employ- 
Since 1947, 


it has been the practice of the medical sec 


ing 1318 men and 131 women 


tion to give an audiogram to every employee 
each time he appears for an annual physical 
examination, regardless of his occupation 
or the noise level in his work environment. 
Thus, the testing of all employees provided 
control and exposed groups from the same 


population, 
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TABLE 1 


Occupation 


Professional and technical. 8 9 
Managers and supervisors. . 0 
Clerical workers 
Craftemen 20 
Operatives 9 24 
Service workers 0 0 
Laborers 0 J 


Total 


The analysis of the effects of the plant 
noise is based on the changes in hearing 
that 
period, Tor the purposes of this study, the 


acuity occurred during five-year 
peniod of observation on each employee is 
approximately the five years that follow the 
date on which the first audiogram was taken. 
lor most workers, this period extends from 


1947 or 1948 through 1952 or 1953. 


Nature of the Data 
The Employees—TYable 1 


cupation and age distribution of the em 


shows the oc 
ployees included in the study. The plant 
contains a large proportion of older work 
ers with long periods of service. This group 
because of — the 


predominates semlority 


system in layoffs and low labor turnover 
brought about, to a large extent, by com 
pany policies that reward long-term em 
ployment, With respect to occupations, the 
plant consists primarily of skilled and semi 
skilled workers, but it also contains a large 
number of persons who fall into profes 
sional, managerial, and clerical categories 
Ikxmployee stability and diversity of occupa 


tions are characteristics of the plant's labor 


force that render it favorable to the re 
quirements of this study. 
The Noise Enzvironment._-In almost all 


of the areas in the plant, the noise is of 
the continuous, steady-state type, rather than 


intermittent or impact, and ranges in in 
tensity from about 60 db. in the clerical 
and administrative locations to about 90 


db. in the noisiest manufacturing areas. For 
purposes of this study, the employees were 
placed into one of three noise classifications : 


(a) less than 75 db., ()) 75 to 84 db., and 
(c) 8&5 to 90 db. 


The over-all noise level 


A 
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Distribution of 1049 Male Employees Studied, by Present Age and 
Occupation 


Present Age, Yr. 


35-39 40-44 45-49 55-59 
10 31 15 7 14 10 104 
6 4 13 9 13 13 71 
106 106 71 63 70 52 71 
36 5 27 20 218 
0 1 2 2 j 1 7 
0 0 5 1 
f 132 7 


in each area was determined by readings 
taken at the center of the noisiest section in 
the area and at the operator's position at a 
machine. Employees were placed into a noise 
category according to the area in which they 
worked. 

Since the higher frequencies are known 
to produce greater auditory damage than 
equivalent intensities in the lower frequen 
of 


noise 


descriptions occupational noise 


should include spectra as well as 
over-all intensity levels. In this study, how 
ever, the use of octave-band analyses was 
not feasible. A large variety of machines 
take part in the manufacturing operations, 
so that there are a great many different 
noise spectra to which the employees are 
exposed, even within one work area, Con 
sequently, it is very difficult to describe the 
daily noise exposure of any given worker in 
terms of specific intensities in each octave 
band. 
Although 


clude the use of noise spectra in this study, 


practical considerations — pre 
the three over-all noise categories do repre 


sent three distinct levels of noise. stress, 
and, as such, can provide valuable informa 
tion. 

The number of employees that fall into 
each noise classification is shown in Table 
2. Intensities less than 75 db. are not con 


sidered noise stress. Persons exposed to 
noise in this category are used as controls, 
and their changes in hearing acuity are 
assumed to be the resuit of presbycusis. 
The Audiograms.—The audiograms were 
taken with a Western Electric 6 type of 
audiometer by one technician throughout the 
study period. The tones included in the 


audiogram were 128, 256, 512, 1024, 2048, 
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TABLE 2.—Notse Exposure 


Age at Onset of — 
Observation, Yr 


Initial Stage 


60 
20-34 1 37 
2 33 


35-44 1 35 
2 
$ 5 


Total 


Total 106 


Grand Total 


4096, and 8192 cps. The hearing loss for 
each was obtained by gradually decreasing 
the intensity of the tone until it fell below 
threshold, and then increasing the intensity 
until it reached threshold again. The tone 
was sounded intermittently, and the subject, 
facing away from the technician, responded 
by raising his hand. The threshold determi 
nations were recorded graphically on a card 
Western Electric 
pany for this purpose. 


furnished by the Com 
The testing room was quiet, except for a 


low-frequency hum. An octave-band 
analysis of the noise in the room indicated 
the possibility that the masking effect of the 
ambient noise may have introduced slight 
errors in measuring hearing thresholds of 
the low fs uencies. The present study, 
however, 1s primarily concerned with hear 
ing impairment in the high frequencies, so 
that any audiometric errors resulting from 
testing-room noise would have little, if any, 


effect on the findings. 


Classification of Audiograms 
The term “high-frequency hearing loss” 
is used here to designate loss of function 
of certain cochlear nerve receptors, brought 
about by aging, acoustic trauma, or a com 
bination of both.* This 


type of hearing 


* High-frequency hearing impairment may arise 
from factors other than aging and acoustic trauma, 


such as syphilis, arteriosclerosis, measles, head 


trauma, infections, and the toxic effect of certain 
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f 1049 Male Employees by Age at Onset o 
and Stage of High-Frequency Hearing Loss at Onset of Observation (Initial Stage) 


Less than 75 Db. 


f Observation 


Noise Exposure 


75-84 Db. 85-0) Db. Potal 


5 44 126 
36 49 118 


1 4 5 
403 


90 

$2 108 
3s 47 126 
5 4 


28 


40 


112 90 308 


1049 


impairment begins with a moderate loss of 
acuity in the high tones, usually in the 
region of 4000 cps, followed by a more 
pronounced high-frequency loss, then grad 
ual progression toward the lower frequen- 
cies, and, finally, loss of normal hearing 
thresholds throughout the entire audible 
range. In measuring hearing acuity for the 
purposes of this study, the sequence just 
described has been divided into four stages. 
Criteria for each stage are described in the 
following system of classification of audio 
gram patterns. Illustrative patterns are 
shown in Figure 1, 

These 
determinations for the frequencies 250, 500, 
1000, 2000, 4000, and 8000 eps. The degree 


of hearing loss for each of these tones is 


criteria are based on threshold 


defined as follows: 


None 10 to 20 db., inclusive 
Moderate 25 to 40 dhb., inclusive 
Severe 45 db. or more 


Stage 0: Normal.—-No hearing loss from 
S000 
threshold in any of the tones tested exceeds 


20 db. 


250 to cps, inclusive; that is, no 


drugs. Furthermore, off-the-job noise may have 
affected the hearing acuity of some of the workers 
during their period of observation. Practical con 
siderations precluded investigation of these factors, 
and it is assumed their occurrence, if any, during 
the five-year study period was randomly distributed 


among the three noise level groups 


81 


3 0 
Total 130 12) 
( 42 
123 101 338 
0 13 10 5 
45-59 29 30 
2 44 55 43 142 oe 
3 10 Is 12 = 
359 336 354 
— — - - 


A. 
260 800 1000 2000 4000 8000 
-10 
10 
20 
30 
o 
40 
80 
« 
w 60 + 
STAGE | 
70 
80 
90 
250 ©6800 1000 2000 4000 8000 
— 
10 
20 
= 
= 30 
8 40 
STAGE 2 | 
70 
| 
80 t t | 
| | 
Fig. 1.—-Stages of high-frequency hearing 


shown in each of the four graphs 
classified according to the indicated stage 


Stage 1: Moderate High-Frequency Loss 

No hearing loss from 250 to 2000 cps, 
inclusive; moderate hearing loss at 4000 
eps, 8000 eps, or at both frequen 

Stage 2; Severe High-Frequency Loss 
No hearing loss from 250 to 2000 cps, 
inclusive; severe loss at 4000 eps, 8000 eps, 
or at both frequencies. 

Stage 3: Severe High-Frequency Loss 
with Some Involvement of the Lower Fre 
quencies No hearing loss at 250 to 500 
eps; no or moderate loss at LOOO eps; mod 
erate loss at 2000 eps; severe loss at 4000 
cps, SOOO cps, or at both frequencies, 

Stage 4: Severe High-Frequency Loss 
with Complete Involvement of the Lower 
Irequencies 
from 250 to 1000 cps, inclusive; severe loss 


from 2000 to S000 cps, inclusive, 


No, moderate, or severe loss 


The designation “mixed” is assigned to 
audiograms which suggest the presence of a 
conductive type of hearing impairment, with 


or without perceptive deafness. They show 


illustrate 
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250 500 1000 2000 4000 8000 
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10 t 
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70 
| 
80 }- 
90 
loss: illustrative patterns. The various lines 
different audiometric patterns that may be 
a moderate or severe loss in the lower 


frequencies (250 to 2000 eps, inclusive), 
while the degree of hearing loss in the 
higher frequencies may range from none 
the 
generally flat in appearance, or they may be 


to severe. Graphically, patterns are 
flat in the lower frequencies only and _ rise 


in the higher frequencies. 


Criteria for Inclusion in the Study 

The 131 female employees were omitted 
from the present investigation. Of the 1318 
males, the audiograms of 1049 were -clected 
for analysis. The 269 male employees who 
are not in the study were excluded because 
the 
intermittent or of the impact type, or be 


noise in their work environment was 
cause their audiograms present one or more 
of the following conditions. 

1. Evidence of middle-ear deafness, The presence 
of a conductive type of hearing loss was inferred 
from the audiogram when all thresholds for tones 


2048 


This condition excludes 


in the lower frequencies (256 to 


20 db 


cps, in 


clusive) exceeded 
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all persons whose audiogram at the beginning of 
the study period was classified as “mixed,” or 
Stage 4. 

2. Less than five years of observation 

3. Five more years of observation but no audio 
gram available in the fifth year. 

Thus, the study is confined to male em- 
ployees for whom audiograms are available 
over a five-year period, who were exposed 
to a steady, com! nuous type of noise, whose 
hearing loss, if any, is assumed to be neural, 
and whose stage of high-frequency hearing 
loss at the time of the first audiogram was 
either 0, 1, 2, or 3. 


Measuring Change in Hearing Acuity 

The change in hearing acuity that has 
occurred during the five-year study period 
is the difference between the stage of high 
frequency hearing loss of the worse ear at 
the onset of the period of observation, as 
indicated by the first audiogram, and the 
stage of high-frequency hearing loss of the 
same ear, as indicated by the audiogram 
taken at the end of the period. 

The audiogram patterns of most employ 
ees during the period of observation show 
a high degree of consistency, but the thresh 
old levels vary in such a way that some 
employees appear to be at a less advanced 
stage of high-frequency hearing loss at the 
end of the period than they were at the 
beginning. Since nerve-type hearing loss is 
known to be irreversible, a shift of this kind 
is not indicative of a real change in hearing 
acuity 

Some of the reversions may be explained 
by the presence of auditory fatigue at the 
The 


extent of temporary threshold shifts pro 


time the first audiogram was taken. 


duced by the noise in the plant and the rate 
of recovery time are not known, but investi 
gations into this problem suggest that tem 
porary hearing loss accounts for only a 
small part of the variation observed in this 
Sataloff * 
significant auditory fatigue among workers 


set of audiograms. found no 


15 minutes after they were exposed to jet 


engine noise whose over-all level was about 
106 to 


108 db. In his previously cited 
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study,® Johnston tested a group of subjects 
twice. The first audiogram was given 20 to 
30 minutes after exposure, and the second, 
after a 12-day rest. Comparisons between 
the first and second tests showed no_ sig- 
nificant differences in hearing loss at 2896, 
4098, and 5792 cps. These findings are 
important in view of the fact that the 
employees in this study usually took their 
audiograms 15 to 30 minutes after leaving 
their work area. 


4 almost 


Cox and his co-workers * noted 
complete recovery at 4000 eps 43 hours after 
exposure about 85 db. 
octave band. An average recovery of 8 db. 
at 4000 cps was found 42 hours after ex 


posure to noise of about 95 db. per octave 


to noise of per 


band. This noise level is greater than the 
highest noise levels in the plant now being 
studied. Davis and his co-workers ob 
served that 4000 cps is most susceptible to 
auditory fatigue and recovers at the slowest 
rate recovery 18 
rapid at first and then slows down, suggest 


ing the possibility that only a small pro 


They also found that 


portion of the temporary hearing loss 1s 
present by the time the employee takes his 
audiogram 

The amount of auditory fatigue is prob 
ably related to the noise level that produces 
it, and can be very great after exposure to 
120 db. or more. The studies just cited do 
suggest, that 
they exist at this plant produce temporary 


however, noise conditions as 
hearing loss that is not large. 

The problem of reversions is related to 
the general problem of the reliability of the 
audiograms. In a study done by Hughson 
and Witting,!! it was found that the error 
in threshold determinations under ideal con 
to 5 db 


established 


ditions is expected to be about 
Because of the 
for each stage of high-frequency 


rigid criteria 
hearing 
loss, this inherent error alone can account 
for a reversion to a less advanced stage or 
a progression to a more advanced stage, A 
threshold change at 4000 eps, for example, 
from 25 to 20 db. can mean a change in 


classification from Stage 1 to 


audiogram 


83 


if 

3 


Qn the other hand, a_ threshold 


change at the same tone from 40 to 45 db. 


Stage 0. 


can mean a shift from Stage 1 to Stage 2. 
Keversions and progressions resulting from 
audiometric error could be reduced by a 
coarser Classification of stages of high 
frequency hearing loss. This could be done, 
for example, by combining Stages 1 and 2 
amd Stages 3 and 4, so that there would 
be three instead of five stages. This change, 
the 


the additional information that 


however, would be accomplished at 
sacrifice of 
is provided by the finer grouping that has 
been used, 

Improper audiometric technique can be a 
major contributor to errors in_ threshold 
determinations, but I believe that, in the 


present study, errors arising from this 


source were insignificant. The procedure 
that was used to take audiograms (described 
earlier in the paper) is designed to elicit 
a maximum of accuracy in responses. Two 
features of this technique are important. 
Iirst, by facing away from the audiometer 
and the tester, the subject can receive no 
clues from cither as to when the tone is 
sounded, Second, the time and length of 
the presentation of the tone are under the 
the that he 


termine, by observing the actions of the 


control of tester, so can de 
subject, whether he is truly responding to 
the auditory stimulus. 

The Importance of these errors in the 
present study centers about one question: 
In making comparisons of five-year hearing 
changes between two groups of employees, 
one exposed to occupational noise and one 
not exposed, will the errors in the audio 
gram distort the comparisons in any way 
that tend to effect 
the noise to this 


obscure whatever 


The 


question is no, if the following assumptions 


will 
may have ? answer 
are valid 

(A) An error in threshold determination is just 
as likely to produce a false reversion to an earlier 
stage as it 1s to produce a false progression to a 
more advanced stage 

(B) Errors that produce false progressions to 
a more advanced stage are just as likely to oecur 


In a group not exposed to noise as they are in a 


group that is exposed 
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If these 
significan'!y greater proportion of advances 


assumptions are true, and a 


to a higher stage are found in the notse 
exposed group, the differences in hearing 
changes may be attributed to noise, rather 
than to artifacts arising from audiometric 
errors. The assumptions would not be justi 
fied if aditory fatigue, improper audio 
metric technique, and testing-room noise 
influence’ threshold determinations. As 
pointed out above, these potential sources 
of error were well under control in the plant 
that ts being studied. 

the foregoing dis 


cussion, a change in hearing acuity during 


In accordance with 
the five-year period of observation is de 
fined as one which shows a shift to a more 
advanced stage, and reversions are treated 
as if no change had occurred. 


Findings 


The i ffect of Noise Stress on Hlearing 


Acuity.—Five-year changes in hearing 
acuity, by initial stage of high-frequency 
hearing loss, age at onset of observation, and 


level of 


in Tables 


noise are pre 
sented Table & 


summarizes these data by showing the per 


over-all exposure 


3 through 6. 


cent of persons who advanced one or more 
stages during the five-year period. ligure 
2 is a graphic presentation of the percent 
ages in Table 8. 

Table 3 and the first four rows in Table 
8 describe hearing changes among persons 
who had a normal audiogram (Stage 0) at 
the beginaing of the five-year study period, 
The data under the “Total” sections in these 
tables show that the proportion of persons 
who advanced one or more stages increased 
with each succeeding level of noise stress 
It can be seen that among employees exposed 
to less than 75 db. 30.40% lost some hearing 
acuity. This percentage comprises 27.8% 
who advanced to Stage 1 and 2.6% who 
advanced to Stage 2. Among those exposed 
to 75 to &4 db. the per cent who advanced 
one or more stages increases to 48.1, and 
rises to 51.2 in the 85 to 90 db. category. 
It is not likely that the higher percentages 
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Fwe-Year Change in Stage of High-Frequency Hearing Loss by 
Onset of Observation and Over-All Level of Notse Exposure 
Initial Stage of High-Frequency Hearing Loss: 0 


TABLE 3 


Age at Onset of Observation, Yr 


Less than 
75 Db 


No. 

1.7 9.1 


100.0 100.0 100.0 100.0 100.0 100.0 


Age at Onset of Observation, Yr 
Total 


Less than 


Less than 
75 Db 


75 Db. 


40.0 
10.0 

12 


4 
Potal : 100.0 100.0 f 100.0 5 100.0 100.0 100.0 


in the noise-exposed groups can be ex- hearing will suffer some loss of hearing 


plained by chance alone.+ Thus, the data acuity after five years of exposure to 


seem to indicate that persons with normal occupational noise between 75 and 90 db. 


+ The statistical test of significance that was The same pattern 's seen in the group of 
used throughout this section was the chi square | | : | | 
test ot independence with Yates’ correction for mp who were at. tage at the 


beginning of the period (Table 4). Among 


continuity. The level of significance was 0.05 


4.—Five-Year Change in Stage of High-Frequency Hearmg Loss by Age 
Onset of Observation and Over-All Level of Notse Exposure 
Initial Stage of High-Frequency Hearing Loss: 1 


TABLE 


Age at Onset of Observation, Yr 


Stage 
After Less than 
5 Yr. 


114 
y 2.5 625 

2 5 4.5 d 22.9 15.5 

29 

4 4.1 
lotal 7 100.0 100.0 d 100.0 100.0 


Total 


Less than 


Less than 
75 Db 


75 Db. 
No. % 
o4 

40.6 

34.2 

2.6 


100.0 100.0 


KS 


Age at 
20-44 35-44 
After 75-84 Less than Th 85-00 
Yr Db Db. 75 Db Db Db 
0 
5 Yr Db Db 
No. % No. % No. % No % No Y No % = Pace 
0 9 69.2 $ 30.0 2 40.0 sO 39 
4 30.8 ) 50.0 60.0 $2 27.8 $2 41.6 $2 
2 2 20.0 2.6 5 6.5 
at 
20-34 $5 44 
Db Db 75 Db Db Db ee 
No % No. No. % No % No % No % 
Age at Onset of Observation, Yr. at" =) 
45-59 
After “4 ay 
5 Yr 
0 7 a 
24 
2 7 
3 2 
4 
Total 39 100.0 29 100.0 30 100.0 iit 1000 106 
Pell 


those exposed to less than 75 db. 18.0% 
advanced to Stage 2 and 2.7% to Stage 3, 
of 20.7% lost some hearing 
75 to 84 db. and 85 to 90 
and 40.8%, 


higher stage. 


so that a total 
In the 
db. groups, 27.4% 


acuity. 
respectively, 
It be 


noted, however, that the difference between 


advanced to a should 
27.4% and 20.7% could easily have arisen 
the 


while difference between 
20.7% 


Therefore, it may be inferred 


by chance, 
40.8% and 
(P>0.01) 


that when a person is at Stage 


highly significant 
1 of Ingh 
frequency hearing loss, five years of subse 
quent exposure to a noise level between 75 
and 84 db. may not affect his hearing, but 
his hearing acuity will be affected during 
that time period if he is exposed to a noise 
level between 85 and 90 db 

Among employees at Stage 2 th 
beginning of the period, there is no appar 
hearing 

As 
f the 

db 
to &4 


ent relationship between five-year 
changes and level of exposure 
Tables 5 and &, 11.9% 
than 


Noise 


indicated in oO 
employees exposed to less 75 
In the 75 


db. and &5 to 90 db. groups, the respective 


advanced to Stage 3 or 4. 


percentages of those who advanced beyond 


Stage 2 are 194 and 10.8. Differences 


Paste 5.—lhwe-Year Chang 


m Stage of High-lrequency Hearing Loss hy 
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among these percentages are not large 
enough to reject the hypothesis that they 
come from the same population. 

ven though the differences in hearing 
changes among employees at Initial Stage 2 
can be explained by sampling variation, it 1s 
interesting to note that in cach of the three 
age categories the proportion of persons who 
advanced to a higher stage is greater in the 
75 to 84 db. group than it is among persons 
exposed to 85 to 90 db. This seems to be a 
paradoxical situation, in that the data sug 
gest that exposure to the higher noise level 
is less damaging than exposure to the lower 
noise level. This may be a manifestation of 
an unknown bias in the data, or it may 
simply be the result of sanipling error 

No analysis was made of the data ob 
Stage 3 the be 


ginning of the period because the number 


tained for persons at at 


of observations is not large enough for 


The 


are presented, however, in Table 6. 


meaningful statistical analysis. data 

It is clear from the foregoing discussion 
that hearing loss during the five-year period 
was related to the initial stage as well as 
the level of noise exposure. This point may 
Table 7, which 


be seen more clearly in 


y lye at 


Onset of Observatum and Over-All Level of Nowe Exposure 


Imitial Stage of High-Frequency Hearing Loss 


ge at Onset of Observation, Yr 


s than 
Db 


4 
Total 100.0 


Age at Onset of Observation, 


4559 
Stage 
After 
5 Yr 


7h 
Db 


ess than 
75 Db 


73 
63.6 


29.1 


6.9 
KIB 
11.3 


4 
Total 100.0 100.0 


2.3 
100.0 


Less than 
75 Db 


tote 


43.0 
4.3 
2.1 


44 2 
100.0 


100.0 


Total 


Less than 
7 Db 


74 Db 


No. % 


Os 

4.7 10.8 
76.7 
16.3 18.6 
: 
100.0 


2.2 
100. 
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35-44 
Stage 
7 Db Db Db Db 
No / No % No % No. % No Q No. % 
0 l 2.0 1 24 4.3 
18.2 14.4 7 14.4 1 2.4 13.1 4.3 
2 24 72.7 2s 77.58 77.6 $3 BOS 27 71.1 
4 0.1 3 2 4.1 4 fi 13.1 
2.0 2 
Db Db 
No. %o No. % No % No. No % 
0 3 2.2 
3 4 2 79 
2 36 a5 33 110 79.1 
3 16 7 12 
43 139 
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Stage 
After Less than 
5 Yr 75 Db. Db Db 


No. 


% 


2 
3 3 
4 l 100.0 
Total l 100.0 4 


Less than 
75 Db 


No 


2 2 20.0 5 27.5 1 
3 2 20.0 f 27.58 7 
4 60.0 444 

lotal 10 100.0 Is 100.0 12 


presents the percentages of employees who 
lust some hearing acuity. 

It can be seen that in each noise-exposure 
group the proportion of employees who 
suffered some loss in hearing acuity de 
creases as the initial stage increases. Thus, 
the 
quency hearing loss, the less likely is it 


more advanced a person's high-fre 
that he will undergo additional hearing loss 
In other words, high-frequency hearing loss 
appears to begin rapidly and proceed more 
slowly in the advanced stages. 

It is also seen that the damaging effect 
of the noise diminishes with each successive 
initial stage. Among persons exposed to 75 
to 84 db., the group with normal audiograms 
at the beginning of the period appears to 
have been affected by five years of exposure 


TasLe 7.—Percentages of Employees Who Lost 
Some Hearing Acuty During the 
Five-Year Pertod 


Initial Less than 75-84 55-00 

Stage 75 Db. Db. Db. 
6 BOA ° 61.2° 
1 20.7 27.4 40.8 ° 
2 19.4 10.8 


* A percentage accompanied uy un asterisk indicates that it 
is not likely that chance alone can explain the difference between 
it and the percentage in the “‘less than 75 db." category of the 
same initial stage (P <0.05). 
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TABLE 6.—Five-Year Change in Stage of High-Frequency Hearing Loss by Age 
Onset of Observation and Over-All Level of Noise Exposure 

Initial Stage of High-Frequency Hearing Loss: 3 


Age at Onset of Observation, Yr. 


Less than 
75 Db 


l 25.0 
75.0 § 100.0 100.0 3 75.0 
100.0 f 100.0 5 100.0 4 100.0 


Less than 
75 Db 


1 50 

8.3 2 13.3 5 20.8 2 10.0 

58.4 7 46.7 10 417 13 65.0 
33.3 6 40.0 qy 37.5 4 20.0 
100.0 1S 100.0 a4 100.0 100.0 


The 
indicate, however, that employees at more 
af 
fected. In the 85 to 90 db. group, the same 


data do not conclusively 


to the noise 


advanced initial stages (1 or 2) were 


phenomenon is seen, except that persons 


who were at Stage | at the beginning of the 


period were affected as well as those who 
were at Stage 0 
The percentages in Table 7 are plotted 


on the chart in Figure 2. Pree-hand regres 


sion lines for each initial stage are drawn 


through each set of three points. These lines 
are not intended to estimate with any de 
gree of precision the function of hearing 


loss with respect to level of noise exposure, 


but are presented to clarify further the 
preceding discussion by illustrating graphi 
cally the relationships that have been de 


scribed, 

The slopes of the regression lines for 
Initial Stage O and Initial Stage 1 are about 
the same, and are much greater than the 
slope of the line representing Initial Stage 2 
This illustrates the presence of an associa 
tion between noise exposure and hearing 
loss when hearing is normal or at the first 
stage of high-frequency hearing loss at the 


#7 


at 
Db Db 
No. % No. % No. % No % No % 
0 
25.0 
Age at Onset of Observation, Yr. eae 
45-59 rotal 
Db Db Db Dt 
= % No. % No % No % No Y No Y ane 
0 
1 
- aa 


A, 
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INITIAL STAGE: 2 


DYNES PER. 
SQ. CM. 


DECIBELS 


Less! than 
75 db 


NOISE 
CATEGORY 


big 


loss after five years of exposure to selected noise levels, by initial stage 
presented on an arithmetic scale, in terms of sound energy 


the The 


small, slightly negative slope for Initial Stage 


beginning of five-year period. 


regression line for Initial Stage 


{ Although the 


l mau ates, im a general Way, a relationship be 


tween hearing loss and level of noise exposure, it 
should be recalled that sampling error can account 
for the differences in rates of hearing loss between 
employees ex posed to 75 to &4 db. and those ex 
(27.4% 


posed to less than 75 db and 20.7%, re 


spectively ) 


75~64 
db 


2.—VPer cent of employees who advanced to a higher stage of high-frequency hearing 


Noise intensity is 


(dynes per sq. cm.) 


2 points up the absence of any effect of 
noise exposure on hearing acuity after the 
second stage of high-frequency hearing loss 
has been reached. 

Another striking aspect of the chart is 
that each set of points and its corresponding 
fall the 
in the order of initial stage. Thus indicates 


regression line one below other 


that, regardless of the level of noise stress, 
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the more advanced the initial stage the less 
chance there is of advancing to a subsequent 
Stage Over a five-year period. 

The slowing down of the progress of 
high-tone hearing loss in its advanced stages, 
this 
sistent with what is known about the patho 


as indicated in set of data, is con 
logical changes that take place in the inner 
ear as a result of aging and acoustic trauma. 
The nerve receptors for the higher fre 
quencies (4000 cps and above) are fewer 
in number than the receptors for tones in 
the low and middle range. This explains 
why loss of hearing acuity occurs initially 
in the high frequencies. During the ad 
vanced stages of traumatic hearing loss, 
when the middle and low frequencies be 
come involved (Stage 2 and beyond), the 
progress of high-tone hearing loss is ex 
pected to slow down because there are more 
nerve receptors available in reserve to take 
up the functioning of those that were 
destroyed. 

ffect of Age 


to hearing changes brought about by occu 


The relationship of age 


pational noise stress is seen by examination 
of the data in Table 8.§ Among the three 
age categories in the 
75 to 84 db. and &5 


noise exposed groups 
to 90 db., the largest 


§ This discussion omits Initial Stage O because 


of the small number of persons between 45 and 


59 years of this category 
Per ( 


FABLE & ent 


Employees Who Advanced One 
High-Frequency Hearing Loss After Pia 


ACUITY 


proportion of employees who advanced one 


or more stages is consistently found among 
persons between 45 and 59 years of age 
lor example, among employees in the 45 
to 59 age category at Initial Stage 1 and 
exposed to 75 to &4 db., 48.30 advanced 
the age 


groups, this proportion was 17.76 for em 


to a higher stage. In two lower 
ployees between 20 and 34, and 21.9% for 
db. 


the higher rate in the 45 to 


employees between 35° and Among 


persons exposed to 85 to 90 and at 
Initial Stage 1, 
59 age group is even more pronounced. In 
this category the proportion is 70.0%, as 
29.3% in the 


lower age groups. The same age differences 


compared with 31.860 and 
are seen in persons at Initial Stage 2. It 
is interesting to note that this pattern is 
not evident among employees exposed to 
less than 75 db. It seems clear, therefore, 
that persons 45 years and over are more 
susceptible to traumatic hearing loss than 
persons below 45 years. 

Extent of Occupational Hearing Loss 
These data have shown that under condi 
tions deseribed above persons subjected to 
noise stress (75 db. or more ) probably 
undergo hearing changes that differ from 
those experienced by employees who do not 
It should be 


those the 


work in a noisy environment 


noted, however, that amony 


noise-exposed groups who do advance to a 


Vor 
Years of Exposure to 


Selected 


Notse Levels, by Initial Stage and Age at Onset of Observation 


(from Data in 


Tabli 


3 to 5) 


Per Cent Advancing to a Higher Stage After 5 Yr. of F rposure ts 


Age at Onset of 


Initial Stage Observation, Yr Less 


0 20-34 
0 35-44 
45-59 
Total 
20-34 
35-44 
45-59 


Total 


45-50 


Total 


* Data omitted because of small number of observations 


than 75 Db 


75-4 Db 85 Db 


t Difference between percentages of noise-exposed group and control group significant at 0.05 level 
} Differences between percentages of noise-exposed group and control group significant at 0.01 level 


Pell 


— 
25.0 36.6 47.2¢ 
38.1 57.7 91 
. 
30.4 48.1 4 51.21 
13.5 17.7 +18 
25.8 21.49 2 
24.3 
24.1 48.3 70.0 
20.7 27.4 10.8 

2 20-34 9.1 4.3 6.1 
2 35-44 14.7 15.5 “4 

1g 194 10.8 


higher stage of hearing loss only a small 
percentage advance more than one stage over 
a five-year period. For example, in_ the 
“Total” Table 4 (Initial Stage 
tp it is seen that 24.5% of those exposed 
to &4 db 
only 1.9% advanced two stages, and 1.0% 
three the 85 to 90 db. group, 


38.2% advanced one stage and only 2.6% 


section of 


to 75 advanced one stage, but 


stages. In 
The same pattern occurs in the 


two stages. 
data presented in Tables 3 and 5 


Comment 


There are a wide variety of opinions 
regarding maximum safe noise levels. Is 
timates, in terms of the over-all level only, 
vary from about 80 db. (Goldner '*) to 115 
db. (Davis 


fied by noise spectra, have also been pro 


Tentative standards, speci 


posed. Hardy's criterion for prolonged 
exposure to steady state noise is 100 sones, 
which has a peak of 115 db. in the octave 
band 37.5-75 eps and a minimum intensity 
of 91 db. at 2400-4800 eps. A 


cited by Parrack ' is similar to Hardy’s 


enitenon 


The findings of this investigation raise 
the following points concerning the estab 


lishment of safety eriteria 


— 


It is generally agreed that a noisy 
safety eriterion should be deseribed in terms 
of sound pressure levels for each octave 
band to take into account the varying effects 
of different frequencies in the noise spec 
trum. Phe data presented in this study do 
not provide the basis for such a criterion, 
uggest that a 


steady state note, regardless of its spectrum, 


but they do standard for 
would have to be one whose over all sound 
pressure level is less than 90 db. 

2. There is evidence in the data that some 
employees in the 75 to 8&4 db category 
whose audiograms were normal at the begin 
ning of the study period did suffer some 
loss of hearing acuity as a result of five 
years of exposure to the noise lor most 
of these men, however, the loss did not go 
beyond Stage 1. This brings up an im 
portant question. Since a moderate high 


loss, as defined here, 


hearing 


frequency 


90 
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probably does not incapacitate a person in 
any way, socially or in his pursuit of a 
livelihood, should a noise which produces 
damage to this extent be considercd unsafe ¢ 
To answer this question, a safety criterion 
must also include a definition of “unsafe” 
in terms of the kind and extent of hearing 
loss the noise produces. 

3. Employees in the 75 to 84 db. category 
at Stage 1 or 2 at the beginning of the 
study period did not appear to be affected by 
the noise after five years of exposure. It 
is not known at the present time whether 
this 


longer period of time will produce some 


the cumulative effect of noise over a 
additional loss in hearing acuity. Therefore, 
it is believed that a noisy safety criterion 
must specify the number of years of ex 
posure that will elapse without any loss 
in hearing acuity that may be ascribed to 
the noise. 

4. The data in this study have shown 
that the effect of noise varies with age aud 
degree of hearing loss, so that these factors 
must be considered in developing safety 
standards. 

5. Considerable variation among persons 
in their susceptibility to traumatic hearing 
loss is seen in this study and has been noted 


5.191618 Hence, it is 


by several investigators. 
possible that a noise level may be hazardous 
for only a small portion of the exposed 
personnel, To reduce the noise level to a 
point where no one will be affected may be 
uneconomical or even impossible in instances 
where the irreducible minimum in noise re 
been achieved. Under these 


duction has 


circumstances it becomes necessary to as 
sume a certain risk and define safety criteria 
on the basis of the proportion of employees 
one expects to be protected, An example of 
thi. approach is seen in the 5 deafness 
risk criterion cited by Parrack.’ 

Many studies have been undertaken to 
examine the effect of occupational noise on 


hearing acuity, but there remains a great 


deal of disagreement on the subject. One 
reason for the diversity of conclusions is the 


scarcity of adequate data, such as valid and 
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reliable audiograms, proper noise measure 
ments, and long-term follow-up informa 
tion. Another reason, however, is the lack 
of uniformity in methods of study. Im 
portant elements of methodology include 
the formulation of specific objectives, defi 
nitions of basic measurements (noise levels 
and hearing loss), sampling procedures, the 
design of the investigation, and analytical 
techniques. The efficiency of study methods 
is as essential to the validity of the con 
measure 


clusions as the accuracy of the 


ments. If these methods could be 


standardized, greater consistency among 


various studies may be attained 


Summary and Conclusions 


The avdiograms of 1049 male employees 
of a manufacturing plant have been utilized 
to study the relationship of occupational 
noise exposure five-year audiometric 
changes, taking into account two additional 
variables: age and degree of hearing acuity 
at the onset of the study period. 

Although it is preferable to specify noise 
levels by octave-band analyses, the large 
variety of noise sources in the plant and the 
frequent movement of employees through 
out the working day made this kind of 
noise measurement unusuable for the present 
study. Accordingly, each employee was 
placed into one of three over-all noise level 
categories: less than 75 db., 75 to &4 db., 
and &5 to 90 db. 


plant is continuous and of the steady-state 


Most of the noise in the 
type. [employees exposed to impact noise 
were excluded. 
Measurement of hearing acuity was 
based on the pattern of the audiogram. Five 
stages of high-tone hearing impairment 
were defined, Stage 0 representing normal 
hearing and Stages | through 4, progressive 
stages of neural deafness. Hearing loss dur 
ing the five-year period was specified as the 
difference between the hearing acuity of 
the worse ear at the beginning of the period 
and the hearing acuity of the same ear five 


years later, 


Pell 


ACUITY 


Statistical analyses of the data support 
the following conclusions 


1. The hearing acuity of 


persons with 


normal audiograms (Stage 0) may be af 
fected by five years of subsequent exposure 
to steady-state occupational noise ranging 
from 75 to 90 db 


? 


2. The hearing acuity of persons with 


Stage 1 high-tone hearing loss may be 


affected by hive years of subsequent ex 
posure to steady stale occupational noise of 
85 to 90 db. but not by 
and db. 


3. The hearing 


noise between 75 


acuity of persons with 


Stage 2 high-tone hearing loss is not af 
fected by five years of subsequent exposure 
to steady-state occupational noise up to 90 
db, 

4 Among employees exposed to noise 
stress who do advance to a higher stage 
over a five-year period, only a small per 
centage advance more than one stage. 

5. High-frequency hearing loss begins 
rapidly and proceeds more slowly its 
advanced stages 

6. The damaging effect of noise stress 
diminishes with each successive initial stage. 

7. Persons 45 years and over are more 
susceptible to traumatic hearing loss than 
persons below 45 years 

The data have also pointed up some of 
involved 


the complexities developing 


safety standards. In addition to describing 
the noise by its spectrum, type, and temporal 
character, this study demonstrates that noise 
safety criteria must also take into considera 
tion the number of years of exposure, the 
kind of hearing loss the noise produces, the 
age and degree of neural deafness of the 
exposed personnel, and variation among 
persons in their susceptibility to traumatic 
hearing loss. 

Dr. Antonio Cioeco and Dr. Donovan G Phomp 

School of Public Health, 


University of Pittsburgh, aided im this study 


son, of the Graduate 


Department of Biostatistic 


s, Graduate School of 


Health, University of Pittsburgh 
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Recruitment Testing 


TAUNO PALVA, M.D., Turku, Finland 


A. basi requirement for a new test de 
signed, like the loudness balance test, to 
separate various clinical groups of deafness 
is that there must be a significant statistical 
difference between the mean values for the 
different categories. If the figures character 
istic of the two principal groups, recruiting 
and nonrecruiting deafness, fall within one 
standard deviation, there is no justification 
for giving the test any diagnostic value. And 
although it that 
proposed test should have had a thorough 


ought to be clear each 
comparison with a direct loudness balance 


test, this has been omitted oftener than 


included 


Difference Limen Tests 


In the recent past much has been written 
about the diagnostic importance of the in 
This test 

that the 


number of the just-noticeable differences 


tensity difference limen (IDL). 
is based on two assumptions, viz., 


is the same in a recruiting ear as in a normal 
ear and, consequently, because the loudness 
in a recruiting ear increases more rapidly 
than normal, the just-noticeable differences 
are smaller than normal. However, neither 
of these assumptions need be true. Indeed, 
one would intuitively think that in an ear 
where the number of functioning hair cells 
is greatly reduced, or ‘the cells are of a 
lower functioning capacity, the intensity dis 
crimination of the ear would be somewhat 
poorer than that of a normal ear with its 
unimpaired structures. 

Together with Hirsh and Goodman! | 
that, if the IDL is 
measured by comparing two different tones, 


was able to prove 


the values obtained in the different clinical 
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indistinguishable from one 
1). Another 


originally 


categories are 
(big 
modulated 
Luscher and Zwisloc ki,* has been claimed 


another method with 


tone, suggested by 
to accomplish the clinical separation inside 


an intensity modulation of 26¢-160-. These 
figures correspond to O.18 to 1.5 db., the 
0.18 to 0.54 db 


oby 1OUS 


signifying re 
that the 
statistical 


range of 
cruiting deafness. It is 
application of even the simplest 
measures to these figures in ordinary clinical 
groups will result in considerable overlap 
ping. 

This was demonstrated by Fournier,* who 
showed in 50 normal ears that at the higher 
frequencies even a difference limen as small 
as 0.4 db. is inside one standard deviation 
of the normal mean (big. 2), and by Lund 


Iversen,4 whose results indicated that the 
just-detected modulation change had similar 
mean and range values in all clinical groups 

The idea that 


better than normal in a recruiting ear sug 


intensity diserimination 1s 


gests that the ear’s capacity to carry out a 


normal pitch analysis is impaired. This as 


Norma/ 


e—o recruiting ' 
4 nonrecrunting 
J 
> 
~ 
20 30 4 
SENSATION LEVEL ob 
Fig. 1—The size of the IDL in normals and in 
cases with recruiting and nonrecruiting deafness 


The measurements were made with two separate 
tones The vertical lines indicate the area ot one 
standard deviation around the normal mean. Data 
trot Hirs! Palva, and Goodman 


| 
| 
) 
7 
4 
, 


2 
/ 
250 4000 6000 
FREQUENCY cps 
big Normal values for JDL variou 
frequencies; data from Fournier.* The measure 
ments were made with a modulated tone. The vet 
tical lines indicate the area of one standard devia 
tion around the normal mean. The 0.54 db. straigh 
line, defined as the upper limit in complete recruit 
ment by Luscher and Zwislocki.? is inside one 
standard deviation at all frequencies 


sumption is clearly on a sounder basis than 
the ideas underlying the IDL. tests, because 
frequen 


of just-noticeable 


the number 
steps on a certain frequen y range ought 
he of the degree 


hearing loss.” 


to 


standard regardless of 
from 
deat 


of 


Furthermore, we know 
that 


the 


clinical experience perceptively 


ears often present phenomenon 


diplacusis, which means that the pitch of a 


tone as heard by the hard of hearing Cal 
differs from that heard by the other 
(normal) ear 

The clinical use was proposed by Schu 
bert, who noted that. the frequeney dif 
ference limens (PF DIL) were one and 
one-half to four times large in ears with 
recruiting deafness as in a normal ear. This 
finding was strongly contradicted by Azzi's ? 


large series Of 241 cases demonstrating that 
the FDL’s were generally in normal limits 
m cases of recruiting deafness but con 


siderably ine reased in cases of retrocochlear 


nerve pathology. O. Meurman’s enthusiasm 


for the value of the FDI. test in the detec 
tion of recruitment ts not supported by his 
results. Although the standard deviations 
were not calculated, the means and range of 
observations clearly indicate that there is 
considerable overlapping of results in’ the 
different clinical categories 

Fournier * made careful studies of the 
FDL, using also statistical measures to de 
termine the normal variability of the in 


A 
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dividual observations. His results showed 
that generally the FDL’s were clearly in 
creased in perceptive deafness, but there 


were both recruiting and nonrecruiting cases 


in which the FDL was normal. In Fournier’s 


opinion, the FDL figures can be more ac 
curately correlated with the type of recruit 
ment function and with etiology than just 


with simple positive recruitnient 

It seems that measurement of the FDI. in 
yet applicable in 
the 


the state Is not 


clinical use, 
vary individually within wide limits, and re 


present 


In my experience, results 


peated measurements of FDL on one person 
The 


type of modulation employed may affect the 


do not always give consistent values 
results considerably. One also wonders why 
the FDL 


cruiting deafness considering that the im 


should always be increased re 


paired ear may perceive a tone of lower and 


of higher pitch than the normal ear. A factor 
of uncertainty is also introduced by the fact 
that the tone in a defective ear may lose 
its tonal character and sound more like a 


buzz, or it may present a complex mixture 


of tones instead of just one single tone 
perceived by the normal eat 
Masking Tests 

(on the basis of Wegel and Lane’s ® mask 
Ing curves of pure tones by pure tones, de 
Bruine-Altes and Huizing ' suggested this 
type of test for detection of recruitment. In 
this monaural test the lower one of a pair 
of tones was used a masking stimulus, 


and, in the authors’ opinion, it was necessary 
learly 
to the 


have a normal or 


Measured relative 


for one tone 


normal threshold. 


sensation level, nonrecruiting deaf subjects 


were found to show a normal masking pat 


tern, whereas in recruiting deafness there 


was cither diminished or increased masking, 
the pair of 


depending on the thresholds of 


tones 
Instead of relating masking to sensation 


more to the 


level, it is logical to relate it 
masking pattern in a normally hearing sub 


11 He 


conduc tively 


concluded 


deat 


ject, as done by Tumarkin. 


that the test separates 
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persons from all others, since in conduction 
deafness the sound intensity reaching the 
inner ear is reduced and masking 1s con 
siderably less than that in a normal ear 
In perceptive deafness the intensity at the 
inner ear is not reduced and therefore the 
masking is identical to the normal. 

De Bruine-Altes and Huizing’s hypothesis 
maintains that it is not the intensity level 
at the inner ear but the loudness level that 
is decisive in producing the deviating pat 
tern in recruiting deafness. This is some 
what difficult to understand, as the loudness 
in a recruiting ear only seldom exceeds that 
in a normal ear, and the masking therefore 
should be comparable to normal. 

Further data on this question were pre 
12 


sented by de Maré and Rosler,’* who used 


the masked 


self recording 


an automatic recording of 
threshold 


audiometer 


by means of a 
In general, they observed that 
conductive deafness deviates from other 
types of hearing impairment by less than 
normal masking. However, in their ex 
perience, many recruiting perceptively deaf 
ears showed abnormally large masking. 
The great drawback in pure-tone masking 
tests is the interaction of the masking and 
which renders the exact 


masked stimuli, 


determination of the masked threshold dif 
ficult. 
normal ears with a 1000 eps masking tone 


have made measurements on 12 


| 
/00 +4 
2 2000 
80+ 
= ; 
60° /$00 cps 
= 
40? 
20+ 
= | 
| 40 60 /00 
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SENSATION LEVEL ob 


Fig. 3.--Masking effect of 1000 cps pure tone 
upon 1500 and 2000 cps tones in 12 normally hear 
ing subjects as a function of sensation level. For 
the 2000 cps tone the masked thresholds become 
considerably larger than those of a 1500 eps tone 
as the sensation level increases 


Palva 


formal curve 
conductive 

recruiting , nerve 
— nonrecruiting, 


/00 


® 


a 


N 


AMOUNT OF MASKING ob 
a 


40 060 {00 


SENSATION LEVEL. RE NORMAL ch 


hig 4 Masking effect ot 1000 cps 
upon 2000 eps tone in various groups of deafness 
The vertical lines indicate the area ot one standard 
deviation for the normal 2000 cps curve. It appears 
that only the conductive group differs significantly 
from the others 


pure tone 


at 50 to 100 db. sensation levels re normal 
threshold using 1500 and 2000 eps as masked 
tones. The curves in Figure 3 show that 
at lower sensation levels masking 1s greater 
for the 1500 eps tone but after 70 db. this 
curve levels off, while the 2000 eps curve 
higher 


the 


continues its course and shows at 


levels considerably more masking than 
1500 cps curve 
It is obvious that only the 2000 eps curve 


has enough steepness to be used in differen 


tial diagnosis. The results relative to this 
curve in 13 conductively deaf ears, 27 ears 
with recruiting perceptive deafness, and in 


10 ears of nonrecruiting perceptive deafness 
The thresholds 
100 db 


with a 


are presented in Figure 4 
levels 
1000 


determined at 70 to 
threshold 


were 
relative to normal 
cps masking tone and 2000 cps masked tone 
It appears that deaf 
group differs significantly from all others, 


only the conductively 
showing clearly less masking than normal 
The perceptively deaf cars are closely Com 
parable to the normal; the major deviations 
at the 70 db. level are partly produced by 
the initially great threshold loss 

The pure-tone masking results presented 


seem to substantiate Tumarkin’s ?! claim that 


95 


ae 

| 

| 


this test is useful in separating conductive 
deafness from all other types, but it does 
not support studies suggesting a greater 
differential diagnostic importance of this 
test. Furthermore, in this study the standard 
deviations were too large even in a normal 
group (from 6 to 12) to assign differential 
diagnostic value to small 


any deviations 


from the normal 


Langenbeck,!* — of devised 


He 


employed a white-noise masking stimulus 


Germany, 
another type of masking measurement. 


and measured the auditory thresholds in the 
presence of this noise. He concluded that in 
the retrocochlear nerve type of deafness 
the masking produced by white noise was 
the groups, which 
showed a masking predictable on the basis 
of the critical band width. However, con 


trol experiments '® 


greater than in other 


with accurately measured 
stimuli failed to show any differences be- 
tween recruiting and nonrecruiting percep 
tive deafness, and the masking produced was 
in all cases consistent with that calculated 
on the basis of the critical band width. 

At the measurement of pure-tone thresh 
olds in interrupted noise at a rate of 1 to 
12 interruptions per second there was no 
significant difference between the various 
clinical groups of deafness.’® Speech intel 
ligibility in a 95 db. continuous white noise 
with a S/N ratio of +10 was very poor 
in some perceptively deaf ears, whereas 
normal subjects and conductively deaf per 
sons reached high articulation scores. How 
ever, low intelligibility occurred in’ percep 
tive deafness regardless of the presence of 
recruitment." 


Auditory Fatigue and Adaptation Tests 


The same reasoning as employed in most 
of the masking tests has also been used in 
the measurement of auditory fatigue for 
recruitment. In conductive deafness fatigue 
will be less than normal owing to diminished 
sound intensity in the inner ear, whereas 
in perceptive deafness fatigue will be normal 
or even greater because the effective level 


of the the 


stimulus in inner ear is not 


9% 


M. A. ARCHIVES OF OTOLARYNGOLOGY 


reduced. In recruiting deafness especially, 
the fatigue prodiced should be greater than 
normal, because as heard by the recruiting 
ear the fatiguing tone is louder. Using 
this reasoning, Huizing 1? proposed a special 
test to separate recruiting cases from the 
other cases: During three minutes’ stimula 
tion at 2000 eps and a 30 db. 


level the resulting fatigue is in recruiting 


ensation 


deafness between 19 and 22 db., whereas in 

all other groups it varies between 5 and 

15 db. 
Huizing 


the “im 


mediately” after cessation of the stimulus. 


measured fatigue 


118 made a two-minute continuous record 
of the poststimulatory recovery of the ear 
in this test with a self-recording audiometer 
The results showed that in normal persons 
and in those with conduction deafness the 
recovery was similar but subject to con 
individual variation. Some 
deaf 


recovery, but in others there was clearly 


siderable per- 


ceptively ears also showed 
an abnormally large poststimulatory fatigue. 
However, this abnormality was not asso 
ciated with recruiting deafness alone but was 
found also in nonrecruiting perceptive deaf- 
ness. 

Perstimulatory fatigue, or adaptation of 
the ear, has also been used as a differential 
diagnostic sign. Hood ?® observed that the 
change in the loudness of a continuous 
stimulus is abnormally large in recruiting 
perceptive deafness and that some of these 
ears rapidly fail in performance during 
sustained stimulation. This finding, which is 
easy to confirm, was not frequent in my 
experience,” occurring in less than 20% 
of the cases with recruiting deafiness. There 
fore it does not seem possible to identify 
this test with a direct loudness baiance test 
although very large losses seemed to occur 
only in recruiting deafness 

A special perstimulatory adaptation test 
is continuous threshold recording. It was 
suggested by Hood *! that a large threshold 
sensitivity loss during continuous recording 
end-organ deafness. 


is an indication of 


Kos 77 recently supported the opposite view, 
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viz., that abnormal sensitivity loss is asso 
ciated with nonrecruiting perceptive deaf- 
ness, especially in patients with acoustic 
tumors. 

A series of 39 ears have been tested by 
me ** at 56 frequencies for four-minute 
threshold tracing. The results showed, like 
those obtained in high-intensity perstimula 
tory adaptation tests, that an abnormal loss 
in sensitivity is not common enough to give 
reliable clues to differential diagnosis and 
can be associated with both subgroups of 


perceptive deafness. This view was also 
expressed earlier by Dix and Hood ** and 


by Reger and Kos.*° 


Width of the Automatic Threshold 
Tracing 


The amplitude of the threshold tracing 
in self-recording audiometry was also re 
cently correlated with loudness balance tests 
in our laboratory.*® It appeared that the size 
of the threshold tracing was closely corre 
lated both with the 
function and with the tested frequency. In 


type of recruitment 
asymptotic recruitment, tracings generally 
were clearly less than 5 db., while all cases 
with delayed recruitment and many of those 
with straight-line recruitment showed trac- 
ings comparable to normal. It was observed 
that at 2000 cps and at the higher frequencies 
there was a good opportunity to associate 
recruiting deafness with small tracings, but 
at lower frequencies, especially at 125 and 
250, the threshold tracings were generally 
comparable to normal in spite of complete 
recruitment. Also, there were some cases 
showing excursions characteristic of recruit- 
ment although they had normal hearing or 
belonged to other nonrecruiting categories. 


Speech Tests 
Poor intelligibility for speech has also been 
regarded as a phenomenon paralleling 
recruiting perceptive deafness. The articula 
tion score generally decreases with increas 
ing threshold loss, and in severe recruiting 
cases intellig'bility is very poor. There is 


general agreement upon these points among 


Palva 


several Recently Schuk 
necht and Woellner,*? and Walsh and Good 
man *! reported, in dealing with acoustic 
tumors, that intelligibility for speech was 
very poor in these nonrecruiting cases. This 
is contradicted by an earlier study of [by 
and Williams * in which cases with acoustic 
tumors generally showed moderately good 
discrimination, about 600-700. <As_ the 
masking used in all these studies appears 
to have been quite correct, further data are 
required for a clear opinion on this question 

Irom the many tests reviewed above, two 
emerge at present which may be regarded 
as closely associated with the presence of 
We the 


audiometer to reveal the growth of loudness 


recruitment. use self-recording 
in the form of small threshold excursions 
in cases where one cannot obtain a detailed 
recruitment function with the balance tests. 
This test is always made at a fixed fre 
quency during some minutes’ stimulation, 
and preferably in the range 2000 to 4000 
cps. Another test, which is made in most 
cases of perceptive deafness, and in all 
cases before an operative procedure, is the 


speech audiogram. In 


my experience, 
poor intelligibility shows good agreement 
with direct loudness balance tests providing 
the hearing loss is moderate or severe. 
Other indirect tests are largely used in 
the experimental sense, as it is felt that they 
do not yield enough information regarding 
the presence of recruitment. However, their 
use may sometimes be also indicated to make 
a distinction between the two main groups, 
perceptive and conductive deafness. This is 
the the 
pathology is such that it limits the move 


particularly case if middle-ear 


ments of the windows and results in lowered 


bone-conduction values also in conductive 


deafness.*4 


Summary 
Various indirect recruitment tests are re 
viewed and evaluated, i. €., tests for intensity 
and frequency difference limen, masking, 
and adaptation, self-re 


auditory fatigue 


cording threshold audiometry, and speech 
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if: 
x 
= 
‘ 


intelligibility. It is concluded that recruit- 
ment should be measured with direct tests 
in all cases in which this is technically possi- 
ble. In cases with nearly the same threshold 
loss in both ears and at all frequencies, 
threshold 


speech discrimination tests were found most 


self-recording audiometry and 
reliable for predicting the presence of re 
cruitment 
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The use of proteolytic enzymes to digest cooked 
meat impacted in the esophagus is a distinet aid 
in treatment of such a condition. Crystalline tryp 


sin (Tryptar) was used advantageously in a case 


reported previously.* The results of a series of 
experiments to determine the comparative rate of 
digestion otf cooked meat by trysin, Caroid 
(papain), and proteinase A, with isotonic saline 
as a control, were also noted Caroid produced 
the best result in vitro. The Caroid was not 
sterile, however, for a Gram-positive micrococcus 
was isolated from it by culture. For in vivo use, 


crystalline trypsin was recommended since it was 
sterile, the solution could be made easily, and the 


mixture could be given readily 
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Action of Proteolytic Enzymes on Cooked Meat 


Digestant Solutions 


Papain is the dried, powdered, and whole latex 


of the green fruit of Papaya carica.’* Carotid ts 
one of the commercial names for papain. ‘Two 
highly purified enzymes, crystalline papain and 


crystalline chymopapain, have been isolated from 
the of P It ot 
termine the digestion 


produced by these and other enzymes 


carica was interest to de 


ol 


latex 


devree of cooked meat 


Nine cubes of cooked meat measuring about 0.5 


cm. on a side were put into test tubes. The details 


of the experiments are shown in Table 1. The 
pH of the solutions were determined once with 
nitrazine paper. The digestion was done at 37.5 C 
for 24 hours. All of the tests were done twice 
In all instances, a fine residue was present when 
maximal digestion was obtained 

Phe digestion of cooked beef was accomplished 
by all of the proteolyti enzymes (Table 2) 


pif of Solution 


Solvent Approximation 


Caroid,* 0.5 Gm ec, of isotonic saline 0 
Crystalline papain,t 0,125 Gam ce, of isotonic saline mi) 
Crystalline chymopapain, 0.125 Gm ec. of isotonic saline 6.0 
Tryptar,t 0.125 Gm cc, of Sorenson's phosphate buffer solution 70 
Pepsin,} 0.125 Gm cc, of isotonic saline 
Crystalline papain, 0.125 Gin., and erystalline 

chymopapain, 0.125 Gm » ec. of isotonic saline 6.0 
Crystalline papain, 0.125 Gm., and erystalline 2.4 ec. of isotonic saline and 2.5 ce. of Sorenson 

trypsin, 0.125 Gim phosphate buffer solutior 6.25 
Crystalline papain, 0.125 Gm., and pepsin, 0.125 Gm. 5 ce, of isotonic saline ‘ 
Crystalline chymopapain, 0.125 Gm., and 2.5 ec. of isotonic saline and 2.5 ce. of Sorenson 

crystalline trypsin, 0.125 Gm phosphate buffer solution 7.0 
Crystalline chymopapain, 0.125 Gm, and 5 ec, of isotonic saline 

pepsin, 0.125 Gm 4.7 
Isotonic saline 5 ee, of isotonic saline 0 


* The caroid was supplied by the 


TABLE 2 


Agents Used 


Oaroid 


Crystalline papain 15 
Crystalline chymopapain 10 
Crystalline trypsin § 
Pepsin 0 
Crystalline papain and crystalline chymopapain i 
Crystalline papain and crystalline trypsin 20 
Crystalline papain ond pepsin 

Crystalline chymopapain and crystalline trypsin 15 
Crystalline chymopapain and pepsin if 


Isotonic saline 


American Ferment Company, Inc 
t The crystalline papain and the crystalline chymopapain were supplied by Winthrop 
} The tryptar and the pepsin were supplied by The Armour Laboratories 


New York 


Ine New 


stearn 
, Chicago 


Percentage of Digestion 


rime in Hour 


40 4h 55 70 76 
25 4 4) 
0 0 0 
25 40 4! 70 
25 40 40 45 0) 75 
2 40 7f 


Cit; 
2 4 6 12 24 
0 
10 
0 
10 
0 0 0 0 0 
or 


Caroid was the most effective. Caroid, however, 


was not sterile. Crystalline papain produced a high 


degree of digestion during the first 


four hours 
Crystalline papain’ is sterile and i 


a pH range of 2.5 to 12 


active over 
The use of crystalline 


papain is recommended in an esophagus which 


contains impacted cooked meat 
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Progress in Otolaryngology 


( tolaryngoli 


It 1s these abstracts to 
present the subject matter in such a form 
that it to the practicing 


otologist whose office is not equipped with 


our purpose in 


will be useful 
the elaborate armamentarium required by 


the scientific audiologist, whose field is 
highly specialized but more limited in scope. 

! reports the program employed 
in Denmark for evaluating hearing aids and 
prescribing them. Three hearing centers 
have been established to take care of the 
entire Danish area with its four million 
inhabitants. The individual hearing aids are 
controlled by an “artificial ear” at the hear 
ing center. The 
plotted and filed so as to have a detailed 
The fit 


ting of the hearing aid is based on a close 


frequency curves are 


account of the commonest defect. 


cooperation of the engineers and physicians. 
Hearing aids of inferior quality have been 
weeded out by means of the artificial ear 
The main obtect of the program 1s to pro 
vide the paticnt with a reliable hearing aid 
with satisfactory amplification and a good 
after-care educational program, aiming at a 
safe restitution of the patient after a prob 
ably difficult period of adaptation, re 
examination of the first 800 patients showed 
that only 4% failed to use their hearing 
aid. The total expense for each person is 
approximately $7.00 plus the cost of the 
hearing aid. 

In a survey of 1459 patients, Kodicek and 
Garrad * reported that 90% found the hear 
The 


more 


ing aid useful. conductive-deafness 


group derived assistance from the 
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than did the 
group. The more severely deaf were more 


aids perceptive-deafness 


appreciative. With advancing age the aids 
were used for shorter periods and less often. 
One-half used the aids at work. Consider- 
able loneliness appeared among the elderly 
deaf. 


were 


were “the aids 
broke 
majority the Me 


The main eriticisms 


cumbersome” and the “leads 


too often.” the 
dresco proved satisfactory. (Hearing aids 
are government-furnished England. ) 


Watson * 


employed in the use of hearing aids for 


deseribes the plan and program 
severely deaf children. Very early testing 
and sereening of young children is carried 
out with the aid and help of the Maternity 
and Child Welfare 


is found to have some useful residual heat 


Service. When a case 
ing, an aid is recommended, to be used for 
variable periods of time until the child is 
willing to wear it continuously, In some 
children this may be as early as 18 months 
With preschool children no formal 
is that the 
Thus 


speech will 


of age. 
training 1s attempted. The aim 
child learn to comprehend speech. 
listening to and watching for 
will enrich the 
both 


informal 


take place at all times and 


child’s 


language and his environment 


growing understanding of 


use of the aid is carried out at the infant 
and nursery ages, namely, 3 to 7 years. For 
children of 7 and upward group hearing 
aids should be provided for the classroom 
training. Satisfactory 


for more formal 


equipment, proper environment, and-—above 


all—adequately trained teachers are essential 
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to make an effective program for teaching 
these children. 

Wallace et al.* of the 
facilities available in New York City which 


provide services for patients with hearing 


made a survey 


Twenty-four agencies were 


Fourteen were located in general 


problems 
studied, 
hospitals, six in specialty hospitals, and four 
in detached services. Some of these agencies 
were rather limited as to the facilities avail 
able or specialized as to the type of patient 
served. This group feels that in order for 
a hearing center to be considered adequate 
it should provide complete services for the 
diagnosis, treatment, and rehabilitation of 
children and adults who have a hearing im 
care for 


should patients re 


pairment, It 


ferred to it from all sources, such as the 
practicing physicians, commmunity agencies, 
school health and child health services, and 
industry. It should provide interpretation 
and guidance to the patient and his family, 
and should assist the patient and his family 
in making plans for total rehabilitation, It 
should also be a training center for pro 
fessional personnel of all types and should 
facilities 


perform research. The physical 


should) include sound-treated areas for 


diagnosis and therapy, reeeption — and 
observation rooms, ear-mold and electronics 
laboratories, and other areas, adding up to 
2500 sq. ft. of floor space. The personnel 
should) include medical personnel (as the 
otologist and pediatrician) and paramedical 
personnel (as the audiologist, speech therap 
ist, nurse, social worker, and psychologist ). 
Phey recommend also that the hearing cen 
ters. be developed mW hospitals, especially 
large general hospitals connected with a 
medical school. A program of this nature 
is very costly, and the general community 
must be prepared to assist in financing it. 
Henner et al describe the team approach 
to hearing and speech disorders as carried 


out at the Michael Reese Hospital in Chi 


cago. Impairment of communication is far 
The 


be obscure 


reaching in its effects on a patient. 


causes for the condition may 


as well as multiple. To make a proper diag 
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nosis and to help such people, the procedure 
employed should include an initia! pediatric 
or medical examination, otological survey, 
audiological and speech examinations, social 
service studies, and occasional special psy 
chometric, psychiatric, neurologic, ortho 
pedic, and ophthalmologic exaininations. The 
otologist, clinical audiologist, and speech 
pathologist cooperate to decide what type of 
therapy, hearing aid, and special training i 
needed and how these things can be carried 
out with respect to the patient’s education. 
The medical social worker secures informa 
tion essential to diagnosis and treatment and 
maintains contact with helpful social agen 
cies. The clinical psychiatrist helps in soly 
ing diagnostic problems and, if necessary, 
aids in overcoming resistance to rehabilita 
tion. With this team approach it 1s possible 
the difficulty 
from a multiphasic point of view to accom 


to pursue resolution of the 
plish a common goal, namely, the rehabilita 
adult 
impairment in communication, 


tion of the child’ or who has an 

Getz ® says that the curve in hereditary 
deafness is nontypieal and there is no prog 
nostic value in auditory training. 

In the recommendation of a hearing aid, 
parents shovld be reminded that a child's 
educational future depends on the visual 
presentation, with the auditory avenue sery 
ing as an auxiliary tool, in the development 
of speech and lipreading skills. 

Yenrick 7 


of the deaf. He stresses the importance of 


discusses trends in’ education 
early diagnosis, and formal education of the 
very young in the home. He also points out 
that the incidence of total deafness in chil 
dren is rare. In an evaluation of pure-tone 
audiometrics done in’ the Pennsylvania 
School for the 1 


ing from 4 to 20 years of age, only 2 gave a 


caf, of 433 subjects rang 


clinical indication of having total and com 
plete loss of hearing for all frequen 1€s 
from 125 through 8000 cps. Functionally 
speaking, the majority of the students were 
profoundly deaf without the use of ampli 
fication and proper teaching techniques, but 
clinically they were not totally deaf. Educa 
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tional placement of the child must depend 
on available local facilities, the individual 
needs of the child, and his physical growth 
and language progress made throughout his 
early formative years. The educational needs 
of the auricularly handicapped child rest 
mainly with the parents and the attending 
physician. The child's complete future rests 
upon the decision made by these persons. 
An appended index to the article gives a list 
of several nonprofit organizations which of 
fer a wealth of excellent information for the 
lay and the protessional person. 

The John Tracy Clinic® carried on a 
study to evaluate the success of the corres 
pondence course distributed by the Clinic 
and to collect information on the kind and 
amount of educational advice given to par 
ents of young deaf children. The informa 
tion the five 
families enrolled in the course. At the time 
of application 854 of the children had not 


came from first thousand 


yet had an evaluation of the extent of their 
hearing loss; 1504 
hard of hearing, with average losses up to 


had been classified as 
75 db. through the speech range, and 2645 
had been classified as severely or profoundly 
deaf, with losses greater than 70 db. Ninety 
two per cent of the parents in this study 
had no previous knowledge of deafness and 
the education of the deaf; seventy-one per 
cent of this group received advice from. the 
physician concerning their deaf child's edu 
cation; seventy-seven per cent of the phy 
sicians discussed the teaching of speech with 
the family. Only 715 of the families re 
ported they had received specialist treatment 
at the time of the application for the course 
This evaluation of medical recognition of 
educational problems of deafness reflects 
knowledge on the part of the entire profes 
sion and not specifically on the part of 
otologists. Seventy-one per cent of the 
physicians knew the names of the schools 
for the deaf nearest to where the families 
lived and referred them to other organiza 
tions offering help. These figures indicate 
that physicians have been doing an excellent 
job with a diffieul: but essential educational 


problem. 


Lewy 


OF HEARING 


Pfeiffer * reports on the mechanics of the 
findings and the results of a hearing survey 
conducted in a school unit in which the total 
population of the unit area is less than 
30,000. The program embraced full coopera 
tion of the school health department, local 
otolaryngologists, and the parents of the 
children. In cases of financial hardship the 
school nurses made a social-service investiga 
tion. The follow-up for drawing of con 


clusions was done by home soctal-service 
visits by the school nurses. [t was found in 
retrospect that many abnormal hearing prob 
lems became normal, especially im the classi 
fication of hypertrophied lymphoid tissue 


due to these factors: treatment of allergic 


rhinitis, recession of lymphoid tissue at 
puberty, disappearance of acute infections, 
and examinations made during the fall of 
the year giving a finding differing from that 
revealed in examinations made during the 
spring, due to changes in the upper respira 
tory tract, 
Kodman Jr.” compared audiometric find 
ings with teacher identification of hearing 
loss to determine the ACCUTACY of the latter 
method. A group of 665 elementary school 
He that 


3% of the hearing-loss cases were correctly 


children were investigated found 


identified by both methods. live per cent 


referred for audiometric examination were 


found to have normal hearing. Sixteen pet 
cent of hearing loss cases were missed by 
the teachers cent were 
correctly identified by both methods as being 
Although t 


hearing losses better 


Seventy-six pet 


normal. eacher identification of 
than chance, it is 
recommended that audiometric examination 
be relied upon to detect hearing losses in 
school children. 
Harris et al.” 


for predicting speech hearing loss from the 


propose a new formula 


audiogram. They discuss previous systems 
used, namely, average pure-tone loss, Sa 
The 


new system is based upon the statistic of 


bine’s, Fowler’s, and Fletcher's systems 


multiple regression prediction. The partial 


regression coefficients for each frequency 


are used as weights in the final multiple 


regression prediction equation Hearing 
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losses at each relevant frequency are multi- 
plied by their respective weights, added, 
and the sum is the prediction of the speech 
hearing losses for those persons comprising 
the whole group of patients from whom the 
original data were derived. All the systems 
were tried out on a series of 197 partially 
defective ears with fairly complete diag 
nostic information available. They found 
that no one predictive system ts superior 
for all audiograms, since some audiometric 
patterns can always be found to exploit the 


of one system. 


weakness any 


strength or 
They found that the most stable system for 


predicting speech hearing loss was an aver 
age of the multiple regression equation pre 
diction the three-average prediction. 
(The average of 
recommended to be used in the Navy to 


and 


these two systems was 
assess speech hearing loss.) To make the 


computation easy a cumulative table has 
been prepared and is presented at the end 
of the article. The entries in the table of the 
hearing losses for the five frequencies 500, 
1000, 2000, 4000, 6000 eps are added, and 
the sum 1s the predicted speech loss. 
Goldstein tested 20° persons suspected 
of having nonorganic hearing loss by con 
ditioning electrodermal responses (IDR) to 
tone and also by conventional audiometric 
to 


reliable pure-tone audiogram. He found that 


procedures an attempt establish a 
the EDK test as it is currently used in 
cases of nonorganic hearing loss can provide 
information in many patients which other 
audiometric fail to 
However, this IDR test fails sufficiently 
often that the 
sponses to tone cannot always be equated 


procedures produce 


lack of electrodermal re 


with an organic hearing loss. 

Bordley ' gives a thorough evaluation of 
the psychogalvanic skin resistance (PGSR ) 
test. He feels that PGSK audiometry is a 
valuable adjunct to other methods for hear 
ing evaluation. It is particularly useful in 
studying the hearing of young children and 
Children under 6 years of 
that 


pure-tone audiometry are at 


certain adults. 


age cooperate poorly, sO only two 


methods of 
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all reliable, namely, play audiometry and 
PGSR audiometry. Play audiometry, where 
there is good cooperation and adequate com 
munication, offers certain definite advan 
tages. It tests the whole hearing mechanism. 
However, where hearing determinations are 
necessary in the brain-injured child who 
cannot cooperate, such as in cerebral palsy, 
in the child whose hearing loss has delayed 
his ability to communicate, or in the child 
under 3 years of age, PGSR audiometry 
offers a logical solution. all 
hearing determinations young children 
stabilized 


In types of 
retest is required to establish a 
threshold, In evaluating hearing in young 
children one should keep in mind the dif 
between apparent and potential 
The PGSR test can be done with 
relatively little difficulty 18 
months of age who have no severe brain 


ference 
thresholds. 
in children 
damage. Tailure increases greatly in testing 
children under 18 months of age. 

The chief difficulties encountered in test 
ing the hearing of children by PGSK are 
found, first, in establishing conditioning in 
certain brain injuries; secondly, in the build 
ing of a team capable of handling the test 
situation, and, finally, in obtaining an un 
biased interpretation of the skin resistance 
tracings. 

PGSR audiometry is useful in testing 
Reports of various 
of 


Its 


certain adults. 


which have used the test in cases psy 


chosis, and malingering warrant con 


tinued use. This test measures reception 
rather than perception of sound. It offers a 
clinically practical approach for objective 
determination of thresholds of hearing for 
pure tones, It is an accurate test. In a series 
of 20 


whom 30 ears 


persons with impaired hearing, of 
vere tested, an average dif 
ference of less ti sa 5 db. was found between 
subjective and objective audiometry through 
out the sound spectrum. This test can be 
employed in the animal experimental labora 
tory. It does not necessarily evaluate hear 
Its 
greatly enhanced when undertaken by highly 


The PGSKE test 


ing at the cortical level. accuracy is 


Is not 


trained personnel. 
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yet free from failure and probably never 
will be. 

Haskins '* reports on the value of psy 
chogalvanic skin resistance audiometry in 
differentiating and diagnosing hearing con 
ditions ia adult patients. This procedure 
tests the function of the end-organ and pro- 
vides a ineasurement which assists in dif 
ferentiating between the receptive hearing 
function and the combined function of re 
ceptive and perceptive hearing mechanisms. 
This information is invaluable in’ planning 
a feasible course of therapy. 

Maspétiol, Pigement, and Tronche dis 
cuss the psychogalvanic reflex. This is pro 
duced in two ways: in nonconditioned 
subject at a level of 50-60 db. above thresh 
effect of 
conditioned subject as an expression of his 


an surprise and in a 
auditory threshold, At the uncomfortable 
loudness level it occurs regularly, even when 
surprise is excluded. The psychogalvanic 
reflex gives useful information about the 
hearing in children where subjective audiom 
etry is impossible. A lowered uncom 
fortable loudness level with a psychogalvanic 
50-60 db. is 


injury; in 


reflex at less than indicative 


of recruitment and cochlear 
meningitis this test for uncomfortable loud 
ness level may help in distinguishing be 
the and 


nonreversible 


tween reversible cochlear 


nerve deafness. In general, 
disagreement between results of subjective 
and objective audiometry (with exclusion of 
functional cases) points toward central ori 
gin as the cause of the hearing impairment 

Poch-Vinals and Mitjardu '® made a com 
parative study of the loudness-balanece and 
difference-limen tests in 29 cases of various 
types of deafness. They consider these two 
methods to be the best for the determination 
of recruitment and find that the results of 
the two tests can be superimposed on each 
other. They found recruitment to be absent 
in otosclerosis, syringobulbia, acoustic tumor, 
and Méniére’s syndrome but noted a con 
siderable difference limen in suppurative 
middle-ear disease. 

In a scientific investigation of pitch dis 
crimination Pikler and Harris '? have pre 
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sented additional material concerning pitch 
discrimination in patients with monaural 
deafness of the recruiting type. /qual loud 
ness does not always yield equal pitch sen 
sitivity. Judgment as to pitch and intensity 
can be varied with artificial perceptive deat 
ness by administering noise up to 120 db 
The information may be of use in selecting 


hearing aids. 


investigated the influence of 
stimulus duration on the pure-tone threshold 
during recovery from auditory — fatigue. 


Twelve young adults with normal hearing 
received a thermal noise to fatigue the ear 
The threshold the pre 


exposure threshold gradually as time elapsed 


pure-tone reached 
after the fatiguing stimulus 
Ranke '® describes the latest findings in 
Mention 1s 
the 


Reissner’s mem 


the physiology of the cochlea. 
made of the vibrating movements of 
basilar membrane and of 
brane, the adaption curve, and cochlear po 
tentials. There is a discussion of the innerva 
tion of the sensory cells and the involvement 
of the fibers and various neurons by audi 
tory stimuli. 

Ferrari conducted experiments the 
effect of hyperoxygenation with respect to 
the auditory threshold of various subjects 
He reviews the literature related to the sub 
ject which deals entirely with hypo-oxygena 
but 
technique 


inconclusive does suggest 


this 


tion; it Is 
alterations by certain 


abnormal states, such as presbycusis, vascu 


lar conditions of the ear, and recent head 
injuries with acoustic lesions. The technique 
of the author was to have the subjects 


breathe pure oxygen for 15 to 20 minutes 
Once; 


the 


and then to make the audiogram at 
audiograms were also made prior to 
experiment. Groups of normal subjects, pa 
tients with vascular conditions, patients with 
presbycusis, and a group which had been 
subjected to experimental acoustic trauma 
as well as a group of diabetics with hearing 
abnormalities failed to give significant altera 
tions. A group of 10 patients with head 
injuries presenting auditory deficits was also 
Of these, five whose ante 


tested. myury 


more 


dated the time of testing by a year or 
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gave inconclusive results; the others, how- 
ever, showed a significant rise of 10-15 db. 
the 
It is suggested by the author that such a 


under conditions of the experiment. 
test might be used during the evolutionary 
phase of auditory trauma due to head injury 
to predict the limit of the final damage to the 
hearing. 

A study of comparative results in cases 
of speech loss due to otologic injuries as 


computed by means of various methods 
from the pure-tone audiograms as well as 
by means of speech audiometry was under 
taken by deStefani.2! Forty-seven subjects 
with various grades of hearing loss were 
tested; they were mainly cases of head in 
but included acoustic 


Methods tested included the A. M. A, 


1942, the method of Fowler and 


jury some cases of 
trama., 
method of 
Sabine of 1947, the well-known and early 
method proposed in 1940 by Fletcher of 
multiplying the decibel loss by 0.8 using 
certain frequencies, as well as a later method 
published in the Acta oto-laryngologica in 
1950; some other formulas were also tried, 
including one of Bocca and Pellegrini which 
applies weighted frequencies to Italian 
speech. The author concluded that the second 
Hletcher the of 


Pellegrini gave satisfactory results in those 


method of and method 


cases where there were no marked ir 


regularities in the pure-tone curve and which 


did not present a severe impairment. The 


other methods presented a difference of 
10-20% between the results obtained by 
computation from the pure-tone audiogram 
and those obtained by speech audiometry. A 
rapid but fairly comprehensive review of 
previous literature the subject is 


cluded 

Higbee ** describes a simple method of 
testing bone conduction in the office which 
will establish thresholds from the forehead 
headband 


made of a rubber belt with a small inflatable 


and ensure a static pressure. 


bag and self-locking buckle is used. This is 
placed on the head, cinched up loosely, just 
enough to keep it in place, with the center 
of the bag Opposite the center of the fore 
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head. The vibrator is then placed under the 
bag, which is connected to a sphygmomanom 
eter and inflated to a pressure of 40 mm. 
The tubing is then compressed tightly close 
to the headband and the other connections 
are removed, The equipment for masking is 
then added, with earphones placed over both 
ears. A pad is placed under the earphone 
of the ear being tested to hold it away from 
the ear to eliminate the effect of a closed 
A 40) 


was selected because it is comfortable 


canal on hearing. pressure of mm 
for 
the patient, is sufficient to secure the vibrator 
firmly, and is also low enough to act as a 
buffer against vibrations being transmitted 
It that the 


forehead 


was 
the 
the mastoid threshold is about 10 db. In the 


by the headband. found 


difference — between and 
audiogram an adjustment for each frequency 
may be made by elevating the bone line 
10 db. to correspond with the value of 
thresholds from the mastoid position. Sele: 
tive masking for each frequency is preferred 
This can be done by adjusting the masking 
noise so that each pure tone is heard at 
threshold in the ear under test. 
test 


position and static pressure which should 


This bone 
conduction ensures a duplication of 
increase the reliability of the test. 

Cochlear potentials in the evaluation of 
bone conduction were studied in the eat by 
and Holcomb.2* Their study shows 
that present bone-conduction audiometry suf 
fers from variable factors introduced by the 
transducers themselves, their methods of 
application, and the characteristics of the 
soft tissue. They suggest that the headbands 
of bone-conduction receivers used in audiom 
etry should be made adjustable so that the 
same pressure ts applied in all tests regard 
less of head size. The pressure should not 
be less than 400 gm. Receivers used in test 
Ing that 


purpose. Variation of tissue compliance in 


should be designed for speciti 


the individual human subject may cause an 
db. 


even when pressure is constant at 400 gm 


error of 5 or more in Measurements 


The writers suggest that the compliance can 


be measured by a simple device which has 


Vol. 66, July 


1957 


ll 


EXAMINATION 


FUNCTIONAL 


been used to measure the compliance of 
This 


which measures compliance on the “Shore 


rubber and other elastomers device 
A” or “ducometer” scale may prove feasible 
to calibrate directly in decibels of correction. 

Statten and Wishart ** discuss two tests 
which are available for testing the uncoopera 
tive child and the preschooler, namely, the 
skin (PGSR) 


peep The equipment 


psychoga! vanie resistance 
test the 


used and their technique are described in 


and show. 
detail. An intensive study was made of 122 
PGSK test in 101 children, over an 18-month 
that PGOSR 


is difficult and may be an unpleasant ex 


period. They found testing 


perience for the child. It requires an ex 
perienced team in which every member is 
aware of the principles involved, knows the 
limitations of the technique, and has a 
thorough understanding of the handling of 
the child. They condemn the indiscriminate 
distribution of this complex equipment un 
der the assumption that it is a_ practical 
method of testing the hearing of any child 
by an operator. In nearly all cases in which 
GSR testing was performed it helped in 
forming an opinion of the child’s hearing. 
This opinion was reached in most cases by 
combining the graphic response and the 
clinical judgment. 

Peep-show audiometry has been the most 
useful method of testing the hearing of the 
preschool child. It can be performed by 
The apparatus and technique 
detail. The 


attractive 


one 
of the 
Peep show is in the form of an 


person. 
test are described in 
doll’s house containing an audiometer and a 
projector. The test also demonstrates to the 
observant parent the child’s hearing capacity 
With the type of machine 
used, the child is attracted, his attention is 


for pure tones. 
held, he has no distractions, and he teaches 
himself to obtain the results the examiner 
desires. Repeat tests are done even more 
enthusiastically. This conditioned test, how 
ever, is also limited in its use by the age, 
intelligence, and cooperation of the patient 
very child over 18 months of age 1s intro 


duced to the peep show testing. Records of 
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204 consecutive children tested are reviewed. 
Two children under the age of 2 of a group 
of 27 gave satisfactory audiograms. Also, 
43% of the 2-year-olds, 80% of the 3-year 
93% of the 4-year-olds, and 90% 


of those 5 and over gave satisfactory results 


olds, 


Those who could not be conditioned were 
found to be severely deafened and without 


Also, 


tests on children with low intelligence, brain 


appreciation of the sound. stimulus. 


damage, or severe behavior problems were 
Children, if old 


enough, are routinely tested with the peep 


often classed as failures 


show. When the results are unsatisfactory 
or if further information is desired, the 
PGSR test is used The two methods of 


conditioning in the testing of hearing and 
their application in obtaining the pure-tone 
threshold 
ribed. 


thoroughly de 
the 


audiogram 
The PGSR 


patient's cooperation, but the peep show, 


are 
does not require 
which is adapted to the child's ability to 
respond, must have the patient's cooperation 

Wilkerson and Doyle *° studied a group 
of 151 children with impaired hearing in 
the age range from 6 to 14 years to deter 
mine a possible relationship between etiology 
of hearing loss and the resultant audiometric 
pattern, Their study gives support to. the 
concept that causes of hearing impairment 
can be more definitely related to audiogram 
patterns. The largest etiologic group, which 
consisted of 68% cases with otitis media and 
tonsils and adenoids 


enlarged producing 


middle-ecar impairments, was 


the 


significantly 
loss for all 
tones and slightly rising audiometric contour 


associated with moderate 


audiograms, In the next largest etiological 


category, consisting of 30 cases of inflam 


matory neuritis, the cases were distributed 
among eight audiometric pattern groups. The 
largest number of audiograms, 16, were 
characterized by gradual and marked high 


primarily a 


tone loss and trough-shaped curves 


of these patterns represents 


perceptive-type loss. Fourteen cases repre 
senting loss due to heredity revealed either a 
moderate loss at all frequencies or marked 


ight out of ten cases in 


high-tone loss 
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the birth-injury group revealed a marked 
high-tone loss, Four of the six cases due to 
rubella showed a moderate loss for all tones 
or a trough-shaped curve. The writers be 
lieve that a larger sampling of the various 
etiologic groups would yield results that 
could be substantiated. 


Gundrum *° made a comparative study of 
audiometry in simulated and actual partial 
deafness to ascertain the correctness of the 
opinion that audiometric tests repeated at 
intervals constitute a_ reliable 


various time 


basis on which to detect malingering. Ke 
peated audiograms obtained from a group of 
50 normal graduate and student nurses in 
structed to feign partial loss of hearing 
50 accident 
In the 
first group, with the exception of two cases, 


were compared with those of 
cases showing actual partial deafness. 


the subjects were unable to repeat a tone 
threshold approaching that of the first audio 
On the other hand, the tests of the 


second group revealed relatively small varia 


gram 
tions between the two audiograms. lrom 
these results it appears that repeated audio 
metric tests are reliable method for 
determining actual or simulated partial loss 
of hearing. 

Johnson et discuss the problem of 
functional deafness, which includes the en 
tire group of nonorganic 


hearing acuity 


handicaps ranging from classical hysterical 


and psychogenic deafness to wholly con 
scrous, purposeful, and willful malingering 
In a study conducted by the authors on 500 
veterans under 60 years of age who were 
referred for problems relating to. service 
in 
incurred hearing disability, the incidence of 
1951 to 45% in 1954. The 
11 to 2307 between 195] 


due to an 


functional deafness varied from 


increase from 
and 
increased awareness of 
experience with the problem on the part of 
from 


the clinical team. The marked increase 


23 in 1953 to 54 in 1954 was attributed 
to the use of a psychogalvanic instrument 
plus the referral of a large group of veterans 
for compensation examination during this 


period. An analysis of this group revealed 
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that functional hearing loss is most fre 
quently an overlay to an actual organic 
The 
continuing monthly compensation policy and 


loss rather than to normal hearing. 
the use of the classic conversational yoice 
test tend to encourage the development of 
functional deafness. The diagnosis of this 
condition and the determination of organic 
thresholds are most effectively accomplished 
through the combined efforts of the otologists 
and audiologists. Signs and indicators of 
this condition are found as commonly from 
discrepancies between medical and acoustical 
examinations as from either examination 
separately. The threshold of organic hear 
ing acuity can be determined in 95% of the 
cases of functional deafness by experienced 
clinical teams with versatile and modern 
equipment. Significant findings for a diag 
nosis of functional deafness for all the types 
of tests employed are given in outline form 
im this article. Most persons with a functional 
deafness, whether from imalingering or hys 
teria, respond in essentially the same man 
The 


audiogram 


ner to pure-tone or 
the 


deseribed by Doerfle: 


speech tests. 


authors refer to saucer 
as being diagnostic 
An understanding of this finding is very 
essential in working with nonorganic heat 
ing loss patients. Doerfler noted that this 
audiometric configuration is usually found 
between 50 and 90 db. and was present in 
80% of the cases diagnosed as functional 
He pointed out that persons with normal 
comfortable loudness 


hearing manifest a 


curve for pure tone which corresponds 
roughly to the 60 db. equal loudness curve. 
person simulating a hearing will 
usually take as his reference level something 
approximating a comfort level. So a person 
with normal hearing simulating a loss of 
hearing frequently will have a functional 
loss which corresponds to the 60 db. equal 
loudness contour. The writers have found 
that this oceurs in people whose organic 
thresholds are within the limits of normal 
or who have an overlay to a conductive loss 
However, in those who have an overlay to a 


high-tone or perceptive organic loss, they 
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have found that the functional curve falls 
off rather than rises in the high frequencies. 
The difference in the shape of these two 
curves is the result of recruitment. In dis 
cussing the value of psychogalvanic skin 
resistance audiometry, the writers feel that 
it is an excellent tool and particularly use 
ful with patients having some functional 
hearing loss. They state, however, that the 
level of compensation or the rating of the 
percentage of disability should not be based 
as a general practice on those results alone 
unless supported by other test evidence. 
Proper counseling and adequate education 
relating to hearing loss and the problems of 
the hard of hearing given early in_ the 
history of the disability would discourage 
the development of nonorganic hearing loss. 

Silverman and Hirsh ** discuss the prob 
lems related to the use of speech in clinical 
audiometry. They point out some of the 
shortcomings of speech as it is used now in 
the various li:is for determining auditory 
acuity. In the measurement of discrimina 
tion loss for diagnosis they find that speech 
is important not as a practical kind of 
sound, but as a particular kind of auditory 
stimulus whose properties one is not yet able 
to specify. For assessment of social ade 
quacy it is the practical feature of speech 
the 
material for a test which ultimately must 


that is basic factor in our choice of 


be validated in the field. The writers believe 
that we need to think in terms of different 
tests for different purposes. Since ey ery-day 
hearing is characterized by the hearing of 
speech, test material should be used which is 
The 


Council 


representative of every-day speech. 


Armed Forces-National Research 
Committee on Hearing and Bio-Acoustics 
(CHABA) appointed a working group to 
formulate a set of criteria for representing 
every-day speech. The criteria which this 
group suggested for this speech material 
are given in detail in this paper. At the Cen 
tral Institute for the Deaf a set of 100 sen 
tences has been constructed and recorded 
to conform with the criteria suggested by 


the working group. This new test may add 
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information and is definitely necessary 
study in order to have an 


new 
to carry out the 
adequate reply to the question of validity. 

Goetzinger and Proud report on the 
use of speech testing by bone conduction at 
the University of Kansas Medical Center. 
They have found this to be a useful adjunet 
to the regular tests employed. Speech re 
ception tests by bone conduction correlate 
well with the average pure-tone threshold by 
bone conduction for frequencies 500, 1000, 
and 2000 eps. The test has been used as a 
check upon the reliability of the pure-tone 
bone-conduction threshold. — It 
particularly useful in contributing to diag 
nosis of conductive impairment, especially 


has been 


when it has not been possible to obtain 
reliable information by pure tones. It 1s 
also an aid in predicting the result of the 
operative procedures for otosclerosis, where 
accuracy in determination of the cochlear 
involvement is paramount 

Pattee and Cary * deseribe a method of 
converting al existing one-room office space 
into a satisfactory sound-treated room for 
speech audiometry, including free-field test 
ing of hearing aids. An inexpensive sound 
treated box to enclose the record player is 
used instead of a second sound-treated room, 
The results obtained by free-field testing 
compared very satisfactorily with those ob 
tained by binaural headphones, except in 
normal hearing persons. 

Juers * discusses the diagnostic signif 
icance of inconsistencies between pure-tone 
threshold and hearing for speech. Pure-tone 
speech hearing discrepancies are not present 
in pure conduction deafness. On the other 
hand, a greater loss for speech than for pure 
tones is rather common in nerve deafness. 
marked pure-tone speech discrepane y Is 
usually obvious on comparison of the pure 
tone audiogram with the patient's ability to 
understand conversational voice Calibrated 
speech tests are necessary to establish a more 
exact determination of speech hearing capac 
for speech than for 


ity. Poorer hearing 


sure tones is found in cochlear hydrops and 
| 


\ greater loss 


some instances of prebycusis 
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for pure tones than for speech, which is less 
common, is highly suggestive of psychogenic 
deafness. 

Roach and Carhart * undertook a study 
to determine if it is possible to establish a 
clinically acceptable reference level for bone 
conduction audiometry by comparing ait 
and bone-conduction responses yielded by 
Standard 


audiometric tests by air and bone conduction 


subjects with sensorineural loss 


were administered to 23 cases diagnosed as 
having pure sensorineural loss. The correc- 
tions required by the bone-conduction sys 
tem of the audiometer were computed to 
the nearest 5 db. These corrections were 
then confirmed by testing 127 normal listen 
ers in a sound-proof chamber of research 
caliber 


the 


A useful set of reference values for 


bone-conduction thus ob 


system was 
tamed with an empirical procedure utilizing 
the responses of selected cases with hearing 
loss. The procedure offers the examiner a 
method for achieving a reasonable calibra 


tion of his bone-conduction 


system 
Van Dishoeck ** discusses continuous. o1 
sweep-frequency, audiometry. He 


built 


uses a 


specially audiometer known as_ the 


Peekel 


of sensibility of the normal ear are 


In this audiometer the difference 
com 
pensated so that the zero isophone of -a 
normal patient is straight from 200 to 8000 
Phe frequency of cps is in the 
the 


middle of approximately logarithmic 


bl | ale 


One hundred fifty degrees to the left 


are the frequencies from 8&0 to 1000 cps 


and one hundred fifty degrees to the right 
the frequencies from 1000 to 1200 eps. The 
frequeney is within 3, of the value indi 
cated on the audiogram chart 

that 
calibration is not required prior to use. The 


The instru 


ment so constructed frequency 


decisions of the patient about hearing or not 
hearing the sweep tone are directly noted 
on an audiocard fixed to. the audiometer. 
Masking in continu 


the 


This saves much time 


ous audiometry is more accurate, as 
intensity of the masking noise can be easily 


This 


screening 


adjusted to the level of the flat tone 


apparatus very suitable for 
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tests in school children, factory workers, 


and soldiers. [arly detection and exact 
registration of an acoustic trauma are only 
possible with this procedure. In comparison 
with other techniques continuous audiometry 
gives more and exact information in less 


The called 


“high-fidelity” audiometry. 


time. writer suggests it be 


Corso ** made a study to determine the 
effects of two audiometric testing methods 
on absolute thresholds of hearing. The two 
testing units used were an ADC audiomete: 
Model 50-2, and a Békésy-type audiometer, 


Model. The threshold 


obtained by the method of limits and_ the 


Reger data were 
method of adjustment at selected frequencies 
between 250 and 8000 eps 


five male and female subjects between the 


One hundred 


ages of 17 and 25 were tested prior to the 
test. All 
thorough otologic examination. From 250 to 
2000 the 
significantly 

thresholds 


first audiometric were given a 


cps, inclusive, method of limits 


produces less) variability in 


absolute among subjects than 
either the “midpoint” or “peak’’ audiogram 
readings in the method of adjustment. For 
the frequencies tested there is no consistent 
trend for the mean absolute thresholds ob 
tained by the method of limits to be either 
significantly larger or significantly smaller 
than the values obtained by “peak” audio 
gram readings in the method of adjustment 
There is a statistically significant but rather 
low positive correlation between individual 
thresholds obtained at a yiven frequency 
by the method of limits and those obtained 
by the method of adjustment, using either 


“peak” 


Békésy-type audiograms. 


“midpoint” or readings on the 

The hearing range from threshold to the 
beginning of nonlinear distortion was meas 
ured in both normal and pathological ears 
by Lawrence and Yantis.*° There were ex 
tensive individual differences in the normal 
ear for the ranges tested, namely, 1000 and 
2000 cps. These are the same as reported 
This threshold 


ment technique was employed in abnormal 


earlier. overload measure 


ears. Middle-ear pathology does not intro 
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duce nonlinear distortion into the conductive 
system. The ossicular system is capable of 
responding over the decibel 


same range 


without overloading. Frequency distortion 
is present and is reflected in the changed 
shape of the sensitivity curve. In inner-ear 
the 
the 


overioad is markedly restricted. 


overload 1s 


threshold to 


involvement threshold of 


lowered and range from 
There is 
a relation to the recruitment phenomenon. 

Butler and Albrite “* studied a group of 
perceptively deafened persons and a group 
of conductive ‘vpe hearing loss persons to 
determine the pitch discrimination function 
Pitch difference 
limens were measured at 500, 1000, 2000, 
3000, and 4000 eps. The performance of the 
signifi 


of the pathological ear. 


perceptively deafened group was 
cantly inferior to that of the conductive 
3000 4000 


training served to reduce the magnitude and 


group at and cps. Textensive 
group variability of the difference limens, 
but the 


groups remained. 


significant differences between 

Yantis *? presents the published informa 
tion on the results of recruitment in patients 
with various types of hearing impairment. 
The 


sufficiently consistent to make the estab 


accumulated evidence has appeared 
lished existence of recruitment a reliable aid 
in verifying the locus of the lesion causing 
perceptive losses. The overwhelming evi 
dence in the literature supports the conclu 
sion that loudness recruitment occurs only 
in lesions involving the sensory, end-organ 
and is not expected to be present in lesions 
involving only the eighth cranial nerve and 
the higher acoustic pathways. 

Miller ** studied a group of 23 cases of 
cleft palate, ranging in age from 3 to 23, 
to determine the incidence, type, and signifi 
cance of hearing losses in these cases. In 12 
instances there was a conduction loss affect 
ing the high frequencies only, probably due 
to lymphoid tissue in the nasopharynx. In 
severe cases the conduction hearing loss was 
throughout the entire range tested. It is 
felt that the high incidence of conduction 


losses of hearing is due to the presence of 
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the cleft in the hard and soft palate, permit 
ting the entrance of organisms producing 
upper respiratory infections and their com 
plications. Also, the incomplete closure of 
the nasopharyngeal port is another means 
by which organisms can gain access to the 
body. A large number of the cases have 
prolice lymphoid tissue in the nasopharynx 
which occludes the lustachian tubes, caus 
ing a hearing loss. Also, the searring and 
distortion of tissues at the nasopharyngeal 
orifice of the Eustachian tube following sur 
gery may be a cause for the high incidence 
of hearing loss in these cases. Since this 
type of hearing loss usually first affects the 
frequencies above the speech range, the 
usual tests used in the public school systems 
Only a complete in 


may not disclose this 


dividual audiometric test involving all fre 
quencies up to and including 12,000 eps wall 
detect loss. It that all 


agencies coming in contact with this type of 


this is important 
case be aware of this situation so that early 
recognition of this hearing loss and proper 
medical treatment can be instituted early 
to either correct or prevent further progress 
of the condition 

Holmes and Reed “ report on the hearing 
and deafness in a group of 26 cleft-palate 
patients. Sixty-two per cent of this group 
had 10) db 


The losses were all of the conductive type 


a hearing loss of greater than 


and due to chronie middle-ear changes in 


the 


tions or 


form of chronic disease from perfora 
from fibrosis and adhesions in the 
middle ear. No relationship could be found 
between this hearing loss and the age of 
closure of the palate, the degree of flexibility 
of the closed palate, the amount of naso 
pharyngeal occlusion, or the severity of the 
initial deformity. Nor did the presence or 
absence of tonsils or the amount of adenoid 
tissue bear any relationship to hearing loss. 
The only practical means of controlling and 
preventing this hearing loss is of 
prompt recognition and early treatment of 
all ear infections 


40 


Halfond and Ballenger their 
tad 


audiologic findings in a group of 69 cases 


report 


111 


= 
i 
= 


of cleft lip and cleft palate. Seventy-five 
per cent had some hearing loss, and more 
than fifty per cent had hearing losses that 
were significant by medical definition and 
required special consideration because of 
possible communication problems. The im- 
pairment was of the conductive type. The 
importance of early and repeated audio 
metric evaluations in these cases is empha 
sized, 
Fox *! discusses occupational deafness. 
The hearing loss may occur suddenly as the 
result of direct traumatic injury or of ex 
plosions, blasts, or gunfire. It may also 
occur gradually as the result of prolonged 
exposure to hazardous noise levels. Audio 
grams made before and during the course 
of employment are essential to a program 
of conservation of hearing and for medico 
legal purposes. The physician consulted in 
disputes about cases of allegedly occupa- 
tional deafness is on safe ground when he 


of 


strated fact and avoids suppositions. 


demon 
The 


is especially qualified to 


confines himself to statements 
otolaryngologist 
collect the facts needed to conserve the hear 
ing 
loss to employers from ill-founded claims. 


of workers and to prevent economic 
He should meet the challenge of oceupa 
tional deafness by active interest and par 
the various of the 


ticipation in aspects 


problem. 
The the 
reflexes upon sound transmission were in 


effects of tympanic muscle 
The 


retlex action was elicited by tonal stimula 


vestigated by Weaver and Vernon.” 
periments were carried out on the cat. 
tion of the opposite ear. For excitation a 
little above reflex threshold there is a reduc 
This 


effect diminishes as the frequency is raised, 


tion in the transmission of low tones. 


and disappears around 600 cycles; it then 
increases between 600 and L000 cycles. lor 
higher frequencies the tensor tympani pro 
duces moderate reduction in transmission, 
while the stapedius produces only slight 
effects. 


When 


the muscle action becomes more vigorous 


acoustic stimulation is increased, 
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and transmission changes progressively 
greater. For the of 
transmission keeps pace with the stimulation, 


low tones reduction 
so there is a check ov the magnitude of 
This 


protects the sensory cochlea against damage 


stimulation reaching the inner ear. 


until a limit of muscular action is reached. 
Regulatory effect may be as great as 20 db. 
for lower tones. 

Albrite et al.4* studied the cochleopal 
pebral reflex in normal and hard of hearing 
persons. Four pure tones, 500, 1000, 2000, 
and 4000 eps, were used as the auditory 
stimuli. The recording of the reflex and 
the presentation of the stimuli were placed 
under automatic control. The intensity was 
increased by 5 db. for each group of 10 
regularly trials until the 
demonstrated an eyeblink response on 5 out 


of 


intensity level. The eyeblink responses for 


spaced subject 


10 stimulus presentations at a given 
the normal and perceptive groups were quite 


the 
intensity of sound required to elicit the re 


similar. Differences were found for 
flex. The perceptive group required signifi 
cantly greater intensity at 500, 1000, and 
2000 eps. No differences were 
the the 4000 

The patients the 


impairment group failed to demonstrate the 


found be 


tween groups for cps fre 


quency. conductive 
cochleopalpebral reflex at any of the test 
frequencies. These results indicated that the 
eyeblink response test can differentiate be 
tween the normal hearing and the percep 
tively and conductively deafened groups. 
They suggest that this reflex might be useful 
as an indirect measure of recruitment. 

An attempt is made by Christiansen ** 
to present a predictive test with white noise 
as a fatigue-producing factor. Fatigue was 
measured by determining the threshold shift 
at 4000 cps and by measuring recovery time. 
Arbitrarily chosen were three minutes and 
105 db. for the duration and intensity, re 
spectively, of the fatigue-producing factor 
The author used the following criteria in 
his testing: 

Threshold 


ceased 25 db 


shift ™% minute after noise has 


Vol. 66, July, 1957 


Threshold 
ceased=15 db 


Recovery time >15 minutes 


shift 15 minutes after noise has 


What appears to be a simple test for re- 
cruitment is suggested by Moulden.4° After 
quoting other methods of determining re 
cruitment, he describes his relatively simple 
Forks of 256, 512, and 1024 d. v. are 


used; the author prefers 512. 


one, 


The fork is placed on the vertex at maxi 
mum intensity for about two seconds, then 
removed; the patient is asked where the 


sound is heard. If the sound is heard in 
both ears, the test is repeated with a smaller 
If the sound is then 
the 


If recruitment is not demon 


intensity of vibration. 


lateralized, recruitment exists in non 
hearing ear. 
strated by one fork, other frequencies should 


be tried. The test requires a minimum of 


apparatus and can be carried out in the 
home. 
Jarvis *® raises the question of where does 


beat 
is heard when two pure tones differing 


the phenomenon of “beats” occur. A 
slightly in pitch are heard simultaneously. 
With the use of an audiometer in one ear 
at, say, 125 d.v. and a fork at 128 d.v. at 
the other ear, beats are heard. This raises 
the question as to where the interference 
takes place. When one ear is deaf the phe 
nomenon does not occur at the low intensity 
used. The author concludes that the inter 
action must be central. 

lottorp 4? experimented with spoken and 
whispered voice in various examining rooms 
and came to the conclusion that different 
acoustic conditions various examining 
rooms made it impossible to establish any 
standards for free-field tests based on the 
spoken or whispered voice. Results of such 
tests carried out in different places are not 
comparable 

Varying factors and different examiners 
make the situation even more questionable. 

Acoustic properties in different rooms, 


different sets of test words, and different 
examiners were analyzed. 
The free-field test may render a good 


orientation of a patient's hearing ability. 
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Fournier ** reports on a continuation of 
previous work with the difference limen for 
frequency. This was performed routinely 
as a part of the audiometric examination by 
means of a frequency modulating apparatus 
His conclusions were as follows: 1. There 
is a constant association between an in 
crease in the difference limen for frequency 
and disturbances of pitch perception; in the 
majority of patients a lowering of pitch 
perception occurs but sometimes the oppo 
site has been noted. In the same patient, 
however, the difference limen for frequency 
and the pitch perception vary in a uniform 
way. for the difference 


High values 


limen, i, e., poor discriminative ability, are 
associated with more or less impaired in 
telligibility for speech and would thus affect 
would 


the degree to which such a_ patient 


benefit from a hearing aid. It is suggested 
that in case of bilateral loss the aid should 
be applied to that ear which shows the lowest 
frequency difference limen. In cases where 
this test cannot be made, such as children, 
Fournier believes that the results to be ob 
tained from a hearing aid cannot be pre 


dicted in advance regardless of the type of 


audiometric curve indicated by the usual 
tests, 
Van Dishoeck * discusses the screening 


He 


that there are many grades between deaf 


of school children for hearing states 
mute and hard of hearing children and that 
many of these children are considered dull 
or mentally deficient unless proper tests are 
The test’ he 


useless: 


performed. whispered. voice 


considers audiometric tests in a 


silent room are essential. Continuous audi 


ometry at fixed intensities with a specially 

designed audiometer is to be preferred to 

the usual tests with octave audiometry 
Linhares ” gives an outline of the methods 


employed at his clinie in Rio de Janeiro 


They are essentially those taught in the 
departments of otolaryngology and audi 


Northwestern University in this 


ology of 
country and include, in addition to the his 


tory and complete otorhinologic examina 


tion, tuning-fork tests, air and bone 
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well as speech 
audiometry with records. The latter 
been adapted to the Portuguese language. 


Charts and anatomic illustrations from the 


pure-tone audiometry as 
have 


Northwestern course are presented. 
Mietrantoni, Bocca, and Agazzi® report 
on the first results in the conservation of 
hearing by tympanoplasty. They point out 
that 


performed in chronic otitis is a classical or 


regardless of whether the operation 
a conservative radical the hearing result is 
not satisfactory; in a group of 215 cases 
from various clinics where the latter opera 
tion was performed only 52% of the pa 
fients attained or kept a hearing level of 
30 db. The authors feel that with the new 
antibiotics and methods of microsurgery on 
the ear tympanoplasty can achieve simul 
taneously the healing of centers of osteitis 
as well as the restoration of hearing. The 
fundamental principle is the reconstruction 
of a closed tympanic cavity communicating 
with the rhinopharyngeal cavity by means 
of a free Eustachian tube functioning nor 
mally; the two windows should recover theit 
full functional capacity. They used the tech 
Wullstein, who 
(1) 


nique and classtheation of 
classifies the operable cases as follows: 
lesions involving only the tympanum and 
drum without ossicular damage; (2) lesions 
of the drum, the tympanum, and the ossicles 
with the exception of the stapes; (3) total 
destruction of the ossic les. In the first Case, 


after antroatticotomy through the mastoid 
with conservation of the tympanic ring, a 
pratt of whole skin= is applied sO as to 
obturate the perforation and cover 
the epitympanum, In the second case, the 
bony frame is not respected and the flap 
of skin is applied directly on the stapes, 
jomimg together the edges of the perfora 
tion and lining the hollow attic. In the third 
case, the choice is either to Insert a prece of 
acrylic in place of the stapes or to insert 
usual classification 


nothing at all. To the 


of results, the authors add (1) a table of 
theoretical results which should be obtained 
in each case and (2) the social results of the 
results in 60 


Cases 


The actual 


operations 
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of all types revealed improvement of hearing 
in 73%, 
hearing in 17%; according to theoretical 
considerations (an improvement ef 15 db 


aggravation in 5%, and unchanged 


to be expected for frequencies of 500 to 
4000 where the ossicular chain is intact and 
a postoperative level of not less than 25 db 
below for the 
where the ossicular chain is interrupted), 


normal same frequencies 
positive results were 23% and negative ones 
were 77%. Judged from the social stand 
point (a threshold of at least 30 db. post 
operatively), 58% of the cases operated on 
had positive results and 42% negative re 
sults. Illustrations of the technique as well 
as representative audiograms with drawings 
of the type of preoperative perforations are 
presented. 

Tato 


graphic audiometric notation employed by 


discusses the present methods of 


different authors and proposes an interna 
tional system of signs for this purpose. The 
article has to be read in its entirety for 
comprehension. 

Supplement 124 of Acta oto-laryngologica 
consists of an article of 69 pages by Jacques 
Paul Penn, Ph.D.,%* concerning voice and 
speech patterns of the hard of hearing. It 
is too long for abstracting, but a brief ex 
the 
derived from this study is the reaffirmation 


cerpt of most significant implication 
of the existence of a profound relationship 


Neither of 


bio 


between speech and hearing 


these faculties alone would serve a 


logically useful purpose (no doubt, he refers 


to humans alone). Neither could have de 


veloped independently in the course of 
human evolution, 
The author believes that in progressive 


loss of hearing articulation 1s likely to be 


come progressively worse; therefore, he 
recommends that speech rehabilitation should 
be begun at once. (This probably is in 
tended to apply to children, but he does not 
SO state.) 

) 
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to keep your “pollen patients” 


continuously ahead of allergic discomfort 


prescribe 


Teldrin’ Spansule’ q12h 


chlorprophenpyri sustained release 
maleate capsules, S.K.F. 


antihistamine 


One ‘Teldrin’ Spansule on arising gives _ One ‘Teldrin’ Spansule at bedtime pro- 
day-long relief from sneezing, nasal dis- _ Vides night-long protection against sleer 
charge and itching eyes. _ hindering nasal stuffiness a and preda 

allergic attacks. 


made only by Smith, Kline & French Laboratories, Philadelphia 


first J in sustained release oral medication 


*T.M. Reg. US. Pat. Off. 


12 +8 mg 
4 
; 
2 
4 
‘ 


@ COOLER OPERATION 
@ 9 INTENSITIES OF LIGHT 


@ INCREASED SAFETY— 
UNDERWRITERS APPROVED 


Medical men who have tried the new Super Good-Lite 
tell us there's nothing like it anywhere .. . at any 
price! Here's why: The entire unit has been redesigned 
by a group of practicing surgeons to provide a beam 
of light both brilliant and controllable . . . featuring 
nine intensities of light. The headlight construction and 
electrical circuit was designed for cooler operation and 
maximum safety. 


The Good-Lite SUPER Headlight Includes: 


@ Good.-Lite parallel beam headlight. 
3 types of bulbs with 3 intensities of light each, 


2 mirrors (peep-hole and plain), 

Heavy duty transformer (20 watt) with 3 positions 
and off switch. Fuse in the secondary for your 
safety. 

Molded plastic connections. 

Gray plastic stainproof cords. 

Choice of 5 types of headbands. 


@ Special Ground iens to intensify light, 
e 
e 


Consult Your Surgical 
Supply Dealer or 
Send Coupon Today 


GOOD-LITE MFG. CO. 
7638 W. Madison %. @ Forest Park, til. 


Please send free catalog on Good--Lite Headlights to: 
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$500 


Manutactured By 


DAVID SIMMONDS 


INSTRUMENT MAKER 
17-23 West 60 Street New York 23, N. Y. 


Here are several booklets on mental hygiene 
that may prove of interest and use to you 
and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY 
T. R. Retlaw, 8 pages, 15 cents 


HYPNOTISM—HUMBUG OR HEALING 
James A. Brussel, 6 pages, 10 cents 


YOUR STAKE IN MENTAL HEALTH 


George S. Stevenson, 4 pages, 10 cents 


THE PSYCHIATRIST Edward Dengrove 
and Doris Kulmon, 6 pages, 10 cents 


BOOKLETS ON 
MENTAL HYGIENE 


Keep a supply of these booklets on hand 
Available at lower cost for quantity pur- 


chases. 


AMERICAN MEDICAL ASSOCIATION 


535 North Dearborn Street @ Chicago 10 @  Iilinois 
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SIMPLIFIED LEVERAGE LARYNGOSCOPE HOLDER 


By Robert B. Lewy, M.D. 


This much-modified descendant of the Seiffert laryngoscope is designed to make procedure easier 
and reduce the number of personnel and amount of equipment necessary for effective results. It 
is easily attached to or detached from standard laryngoscopes. Leverage provided by manually 
operated worm and sprocket gear supplies easily available and more than adequate power to 
expose the anterior commissure of the vocal chords. Described in Armamentarium Vol. Il, Number 
|. Ask for your copy. 


Lewy Laryngoscope shown is V. Mueller Catalogue No. BE-960. 
Price . . . $69.50 each. 
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330 South Honore Street 
Chicago 12, Illinois 


DALLAS HOUSTON LOS ANGELES ¢ ROCHESTER, MINN, 


THE BARTON ENDOTRACHEAL TONGUE BLADE? 


For Modern Oro-Pharyngeal Surgery 


THE BARTON ENDOTRACHEAL TONGUE 
BLADE provides: 


1. An unobstructed airway avoiding hypoxia. 
. A more pleasant general anesthetic. 


2 

3. No interference with surgical field. 

4. Complete protection against tracheobron- 
chia! aspiration. 


THE BARTON ENDOTRACHEAL TONGUE 


BLADE, an instrument of stainless steel, is 
manufactured in three sizes to fit any patient 


from infant to adult . . . Sizes 28F, 30F, 42F. 
All blades fit the Crowe-Davis or similar 
mouth-gags. Set of three $40, Individually 
$15. 


*Barton, R. T.: Instrument for endotracheal anesthesia during oro-pharyngeal surgery. J. A. M. A. 153:1017 
(Nov. 14) 1953. 


The Broton-Hiltra Company 
Box 48324, Briggs Station Los Angeles 48, California 
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Catalogue sent on request 


1901-1905 Beverly Blvd. Los Angeles 57, Calif. 


Chair—Uphoistered, reclining $150.00 


Cabinet—Stainiess steel, eight 
drawers with or without com- 
plete transilluminator, cautery 
rheostat and transformer, waste 
container, air reguiator, qauge, 
tubing and cutoff . $115.00 to $195.00 


Light—Telescopic $ 16.50 
Cuspidor—With Suction $ 95.00 


Stool—Upholstered, with easy 
running ball-bearing casters  $ 20.00 


Light Shield $ 5.00 


All equipment shown in the above 
reproduction (with spray bottles, 
stainless steel cotton jars, ready to 
be attached to your compressed air 
system, $531.50 F.O.B. Factory 


In acute and chronic 


NICHOLS NASAL SYPHON, INC. 


NAME 
CITY 


By using the NICHOLS NASAL SYPHON, these cavities 
may be safely and successfully drained of mucopurulent 
material, thus affording prompt symptomatic relief. Used 
and prescribed for more than 40 years. Prove its effective- 
ness on your most troublesome cases. Just mail the coupon. 


NASAL SYPHON 


MONTCLAIR, N. J. 


Please send details of SPECIAL OFFER “S” without obligation 
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OFFERING GREATER EXPOSURE 


with NO TRAUMATISM 
to INCISOR TEETH 


ELIMINATE THE USUAL HAZARDS 
TO THE INCISOR TEETH THROUGH 
USE OF THIS SAFE, SIMPLE INSTRUMENT 


| 
| 
| 
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To provide greater exposure while preventing fracture of 
the front teeth, the MciVOR MOUTH GAG places contact behind 
the canine teeth. It maintains two-point vertical pressure at all 
times and eliminates contact with the central incisors. 


Because no pressure is placed on the teeth, the MclVOR MOUTH 
GAG positively eliminates fractured or broken teeth. Thus, dan- 
ger of law suit resulting from accidental damage to teeth by the 
mouth gag is avoided. 


Adjustable to any mouth from child to adult, the MclVOR MOUTH 
GAG may also be successfully used with edentulous patients. 
Readily adjusted from side to side, the gag keeps two-point con- 
tact at all times. 


Of the finest workmanship, the MclVOR MOUTH GAG is obtain- 
able in stainless steel or chromium piated. It is complete with 
tongue blades of three sizes of the same materials. 


IN STAINLESS STEEL 


THE McIVOR MOUTH GAG, three sizes of 
$40.00 


25.00 
7.00 


tongue blades, complete 
The MclVOR MOUTH GAG, only 
TONGUE BLADES, individually 


CHROMIUM PLATED 


THE MclVOR MOUTH GAG, three sizes of 
35.00 


20.00 
6.00 


tongue blades, complete 
The MclVOR MOUTH GAG, only 
TONGUE BLADES, individually 


MciVOR MOUTH GAGS ore now used exclus- 
ively by many of America’s leading hospitals 
and by doctors throughout the world. Order 
your MclVOR MOUTH GAG through your regu- 
lar supplier or write 


ROBERT & WILLIAMS CO. > Monutacturers of the MciVOR MOUTH GAG 


418 JOTH STREET» CAKLAND 9, CALIFORNIA 
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Bellone 


with any other audiometer 


Beltone AUDIOGRAM 


> 


Diagnostic hearing tests are made simpler, faster 
than ever before, thanks to the Beltone Model 10-A 
Portable Audiometer’s outstanding features. Here’s 


Other Beitone Audiometers include: 


12-A AUDIOMETER 


why: 
1. Accuracy—Continuously variable attenu- Model 12-A, $385. Identical 
. to Model 10-A, except that 


it is equipped with a micro- 
phone circuit and a meter jack 
for live voice and recorded 
speech testing. 


4 decibel steps. Exclusive one tube circuit 
and single induction coil mean trouble free 
circuitry. 

2. Complete Facilities for Testing— Portability 
lets you take audiometer into the operating 
room for exacting audio-surgical work. Can 

be used with the new Beltone Acoustic Bone 
Probe for determining the functional in- 
tegrity of the ossicular chain. Audiometer has wae : 

ables you to do all the speech 

both air and bone conduction receivers, 1 
and pure tone tests necessary 
complex masking calibrated in decibels of for a complete hearing evalu- 
effective masking. Receivers are individually ation. Equipped with two 
equalized. channels which may be used 


3. Ease of Operation—large, easy-to-read dials independently or mixed and 


allow operator to prepare audiograms up to white noise or complex noise 


334%% faster. masking. Provides inputs for 
accessories such as tape re- 


| 
| 
| 
ation permits interpolation in single or even | 
| 
| 
| 
| 
| 15-A AUDIOMETER 
| 


4. Weight—only 11 pounds, 40% less than an corder, microphone, phono- 
instrument using 3 or more tubes. graph, warble tone, P.G.S.R 

Leading physicians, hospitals, and clinies have unit, plus all standard audio- 
adopted the Beltone portable audiometer as the metric equipment. 
one audiometer that satisfies their exacting re- 
quirements. And its price—only $350—means Mail coupon today for FREE, illustrated booklet that 
that the Beltone Model 10-A costs very little to shows how the Beltone Portable Audiometer can sim- 
buy, service and maintain, Other Beltone Portable and 


here, 


Audiometers, in addition to those shown 
$295 
from $295, Write for 


FREE 
(J Descriptive 
Bookiet 


AUDIOMETERS 


produced by the Audiometer Division | 
BELTONE HEARING AID CO. | Zone State 
WORLD'S LARGEST EXCLUSIVE MANUFACTURERS OF 
AUDIOMETERS AND TRANSISTOR HEARING AIDS 
2900 West 36th Street, Chicago 32, Illinois 


Audiometer Division, Beltone Hearing Aid Co., Dept. 9-097 
2900 W. 36th St., Chicago 32, III. 
Please rush me, without obligation, your FREE Booklet that 
shows how | may simplify hearing tests and save money with 
| the Beltone Portable Audiometer. 
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